This is a reproduction of a library book that was digitized 
by Google as part of an ongoing effort to preserve the 
information in books and make it universally accessible. 


Google books 


https://books.google.com 


3 9015 00 


University of Michigan - BUHR 


BEQUEST 
[UN IVERSITY or MICHIGAN 


GENERAL LIBRARY. . 


) 
PON - 
nm 
Ma 


і Р 
Digitized by Google 


~. RE de ne emma Р. i | dirt ааа 5 ` Le; mm > = 
Е * B - P “= — РА ~~. 
' | T m 


Union Internationale de Radiotélégraphie Scientifique 


- International Union of Scientific Radio Telegraphy 


RECUEIL DES TRAVAUX 


‘Assemblée Générale tenue à Washington 


__РАРЕВ5 


ОР ТНЕ 
General Assembly held in Washington 


in October 1927 


en Octobre 192 7 


FASCICULE 1 


Mémoires scientifiques Scientific papers 
présentés à la séance publique. presented in the public session. 


(TEXTES ORIGINAUX) (ORIGINAL TEXTS) 


PUBLIÉ PAR LE SECRÉTARIAT GENERAL DE L'U. R. S. 1. 
Palais des Académies 
BRUXELLES 


1928 


Digitized by Google 


СДА) 
e 9 vn s 


wen 
yee ss? 
PIIP 


АЈ 
“staf ње - 


Juiliet / 
July 1928 


VOL. 


| Fascicule 1 


Union Internationale de Radiotélégraphie Scientifique 


International Union of Scientific Radio Telegraphy 


PALAIS DES ACADÉMIES, BRUXELLES 


Secrétariat Général : 54, 


avenue des Arts, Bruxelles 


Recueil des Travaux de l'Assemblée Générale tenue à Washington en Octobre 1927 


Papers of the General Assembly held in Washington in October 1927 


MÉMOIRES SCIENTIFIQUES 
présentés à la séance publique du 13 octobre 1927 


TEXTES ORIGINAUX (0) 


TABLE DES MATIERES. 


E. V. Appleton. — The existence of more than one ionized 
layer in the upper atmosphere, p. 2. 
E. V. Appleton. — The influence of the earth's magnetic 


field on wireless transmission, p. 2. 

L. W. Austin and 1. J. Wymore. — On the influence of 
solar activity on radio transmission, p. 3, g 

Robert Bureau. — Relations entre les parasites atmosphé- 
riques et les phénomènes météorologiques, p. 6. 

O. Dahl and L. A. Gebhard. — Measurements of the effec- 
tive heights of the conducting layer and the disturbances of 
August 19, 1927, p. 16. 


J. H. Dellinger. — International comparison of frequency 
standards, p. 18. 
C. Ferrié et R. Jouaust. — L'emploi de cellules photo- 


électriques, associées à des lampes à plusieurs électrodes, à 
la solution de divers problèmes concernant la mesure du 
temps, p. 21. 

J. W. Horton and W. A. Marrison. — Precision determina- 
tion of frequency, p. 28. 

E. O. Hulburt. — lonization in the upper atmosphere, p. 37. 


E. B. Judson. — An automatic recorder for measuring the 
strength of radio signals and atmospheric disturbances, p. 38. 


‘1) Voici l'ordre dans lequel paraitront les fascicules suivants : 


Fascicule 1bis. — Traduction du fascicule 1. 


n 2. — Comptes rendus de l'Assemblée générale. (Textes 
originaux.) 


У 3. — Travaux de la Commission des méthodes de 
mesures et étalonnages. (Textes originaux.) 
4. — Travaux de la Commission de la propagation des 


ondes. (Textes originaux.) 

" 5. — Travaux de la Commission des perturbations 
atmosphériques. (Textes originaux.) 

" 6. — Travaux de la Commission de liaison avec les opé- 


rateurs, praticiens et les amateurs. (Textes origi- 
naux.) 


2bis. — Traduction du fascicule 2. 
» Sie. -- n n » 3. 
' 4bis. — » » 2 4. 
» 5bie. -- » » » 5. 


» 6big — " " n 6. 


SCIENTIFIC PAPERS 
presented in the public session of October 131927 


ORIGINAL TEXTS © 


--- TABLE OF CONTENTS. 


A A. Kolster. — Experiences in radio compass calibration, 
p. 40. 
H. B. Maris. 
meteors, p. 41. 
Pod Mesny. — Note au sujet des ondes de quelques métres, 
p. 42. 
T. Minohara and K. Tani. — А note on the short wave long 
distance transmission, p. 44. 


— А theory of the upper atmosphere and 


T. Nakagami and T. Ono. — Diurnal variation in signal 
strengths of short waves, p. 47. 
T. Nakagami and T. Ono. — Seasonal variation in signal 


strengths of the 20 meter wave from Nauen in Japan, p. 51. 

Greenleaf W. Pickard. — The relation between radio 
reception, sunspot position and area, p. 51. 

Haraden Pratt. — Apparant night variation with crossed 
coil radio beacons, p. 55. 

George Rodwin and Theodore A. Smith. — А radio fre- 
quency oscillator for receiver investigations, p. 58. 

Balth. Van der Pol. — The effect of retroaction on the 
received signal strength, p. 63. 

Robert H. Worral and Raymond B. Owens. — The navy's 
primary frequency standard, p. 67. 

Eitaro Yokayama and Tomozo Nakai. — The directiona! 
observations on atmospherics in Japan, p. 74. 


(1) See here the order of publication of the following parts : 


Fasc. 1:18. -- Translation of fasc. 1. 

” 2. — Minutes of the General Assembly. (Original Texts.) 

» 3. — Papers of the Commission of Measurementa and Stand- 
ardization. (Original Texts.) а 

» 4. — Papers of the Commission of Propagation. (Original 

| Texts.) 

» 5. — Papers of the Commission of Atmospherics. (Original 

Texts.) 


- Papers of the Commission òf Cooperation with the 
Amateurs. (Original Texts.) 


n 2ђ:8. — Translation of fasc. 2. 
" Зђаз. — » » 3. 
n 4bís. — n » 4. 
» 5bis. — n » 5. 
» 6bia. — n „ 6 


2 | Union Internationale de Radiotélégraphie Scientifique 


The existence of more than one ionized 
layer in the upper. atmosphere, 


by Profr. E. V. APPLETON, F. R.S. ~ 
(Great Britain) 


During the past year and a half systematic 
observations have been made at the Peter- 


borough Research Station on the characteristics: 


of wireless waves deviated by the upper atmo- 


sphere. As part of such routine measurements . : 


many determinations of the equivalent height 
of the Kennelly-Heaviside layer have been 
made, utilizing special transmissions from the 
National Physical Laboratory and from the 
stations of the British Broadcasting Corpora- 
tion. The early summer observations of 1926 
showed that the night-line height of this devia- 
ting layer (called, for convenience the E layer), 
for wave-lengths of 400 meters, was usually 
90 kilometers to 130 kilometers. During the 
period 6 October 1926 to May 1927, however, 
heigths of an entirely different order of magni- 
tude, namely 250 kilometers to 350 kilometers, 
have been frequently measured during the three 
hours before dawn. 

On such occasions, after the high values 
have been recorded for two or three hours, a 
discontinuity in the series of values occurs 


20 to 40 minutes before sunrise, and heights ' 


of the normal value are again recorded. 

The experimental evidence leaves little doubt 
that on such occasions, in the period before 
dawn, the ionization in the Kennelly-Heaviside 
layer (Layer E) has been sufficiently reduced 
by recombination to permit of its penetration 
by waves of this frequency. « Reflection », 
however, takes place at an upper layer (F layer) 
which is richer in ionization. With the advent 
of sunrise at a height of 100 kilometers or so, 
the Kennelly-Heaviside layer (layer E) is 
formed again and deviation by this layer is 
suddenly established. The normal fall of its 
under- boundary proceeds as the more direct 
solar influence increases the. region ionised. As 
the day further proceeds the experimental 
results show that another region of ionization 
(D layer) is formed below the Kennelly- 
Heaviside layer, which, while causing attenua- 
tion of the waves, does not materially affect 


the height at which they are deviated. Occa- 
sionally « reflected » waves are detected from 
this layer. Its main function is, however, to 
absorb the waves which are only slightly bent 
in passing through it, and which are finally 


\ 


deviated by Layer E. It is suggested that layer D 


is the same as the ozone discovered by Linde- | 


mann and Dobson. 
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The influence 
of the earth’s magnetic field on wireless 
transmission (Summary), 


by Profr. E. V. APPLETON, F. R. S. 
| (Great Britain) 


The magneto-ionic theory of the propagation 
of wireless waves in an ionized medium pro- 
posed by the writer (*) and by Nichols and 
Schelleng (**) is extended to the general case 
of propagation in any direction with respect 
to the magnetic field. The symbols used- have 
the same significance as those used by H. A. 
Lorentz (***) except that for free electrons 


it is shown that we must write g — а (and not 
9 

g = ES as used by Lorentz for bound elctrons). 
When absorption is neglected the formula for 
the refractive index reduces to 


9 


~ 


ҮТ IT 

— (+ a} 
where +. and y, refer to the terms involving 
the tangential and longitudinal components of 
the magnetic field respectively. There are thus 
two waves propagated, in general. 

The above formula shows that p° becomes 
infinite when 


+ 4yi. 


2° = ү + fer ite Yi 
so that only when (= > 1) do we get 
= yi 4 үт = ү 


and quasi-resonance with the total field. This 
means that only when the ionization is small 


(*) Proc. Phys. Soc., 37, February 1925. 
(**) Bell Technical Journ. 4, 215, April 1925. 
(***) « Theory of Electrons », pp. 139 et seq. 
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should critical effects occur for one of the 
waves at about 200 meters. 

The formula further shows that u? becomes 
zero, indicating possibility of reflection even 
‘at vertical incidence on the layer, when 


4+a=0, 
or 
1ј+а=-љу 


relations which involve only the total magnetic 
field. 

The marked absorption in the D layer will 
act differentially on the two waves which are, 
in general, transmitted, so that for wave-lengths 
in the broadcasting band in Europe we may 
expect only the non-critical ray to reach the 
ground in appreciable intensity. In this way 
the results of Meissner, who found no anomalies 
ағ 212 meters, тау be explained. 
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On the influence of Solar activity 
on Radio Transmission (1), 


L. W. AUSTIN and Miss I. J. WYMORE 


(Laboratory for Special Radio Transmission Research, 
Bureau of Standards, Washington D. C. (U. S. A.) 


At the meeting of the American Section of 
the U. R. S. I. in April, 1927, some curves were 
shown (2) indicating a relationship between very 
long wave transatlantic radio reception and solar 
activity as measured by sunspot numbers and 
by the values of the solar constant. These curves 
represented annual averages from 1915 to 1926, 
and monthly averages from 1922 to 1926. These 
indicated without much question that there 
exists a direct correlation between solar activity 
and daylight signals, when averaged over long 
periods. Curves were also shown illustrating 
the correspondence of 27-day periodic Average 
of sunspots and reception. 

G. W. Pickard (3) had previously published 
a paper using his own observations in the 
broadcasting band, as well as the observations 


(1) Read at the International meeting of the Union of 
Scientific Radio Telegraphy in Washington, October 14, 1927. 

(2) Proc. I. R. E., vol. XV, p. 825, 1927. 

(3) Proc. I. R. Е, vol. XV, p. 83, 1927. See also vol. XV, 
p. 740, 1927. 
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of others, оп very long as well as ultra short 
wavelengths, in which he produced striking 
evidence of the dependence of radio phenomena 
on solar activity. Mr. Pickard's own observa- 
tions indicated quite positively an inverse rela- 
tionship between the strength of night signals 
in the broadcasting band and sunspot numbers, 
while the ultra short wave night signal material 


treated by the same methods, indicated a direct 


correlation: This last conclusion is, however, 
seemingly not in agreement with a number 
of observations made by others of weakened 
ultra short wave night signals at times of great 
solar and magnetic disturbances. 

During the past summer the examination of 
the long wave observational material at the 
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Fic. 1. — Annual Average Signal Intensity of Nauen бој 
| 10 A.M. and Sunspot Numbers. 


Bureau of Standards, in connection with sun 
spots, has been continued. Especial attention 
is now being given to the correlation of the daily 
observations, or the averages of a few days at 
most, rather than to long time averages. [t is 
found in general that daily comparisons of 
signals and sun spots give too complex curves 
to be of use. But when they are averaged in 
five-day periods good results begin to appear. It 
is also found in the examination of the material 
that the stations at moderate distances (less 
than 1,000 km.) when treated in this way 
give on the whole better correlation with sun 
spots than more distant stations. 

Since the signal and sunspot curves do not 
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follow each other entirely in detail, it seems 
probable that there are other factors besides 
solar activity which contribute to the signal 
variations. One of these we believe to be tem- 
perature which has already been shown (1) to 
have a strong influence especially in winter on 
the reception in Washington of the transatlantic 
stations at New Brunswick and Tuckerton, 
New Jersey. 

There also seems to be a tendency for the 
sunspot and signal curves to shift relatively 
back and forth in phase as though at times there 
might be a lag in the appearance of the sun spots 
in respect to the fundamental solar disturbance 
producing them, while on the other hand, there 


MONTHLY DEWA TION FROM 

I VEAR MONTHLY AVERAGES 
OF SUNSPOY NUMBERS АМО 
SIGNAL (ev wer лез PU 27) |У 
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Fic. 2. 


often seems to be a delay in the formation of . 


the conditions in the earth's atmosphere which 
produce the changes in signal strength. At any 
rate there is no doubt that at times the increase 
in signal precedes the increase in sun spots, 
while at other times the reverse seems to be true. 

Notwithstanding these phase shifts, the fre- 
quent similarity of the sunspot and signal curves 
renders it almost certain. that we are dealing 
with a genuine relationship. On the whole there 
seems to be about the same degree of correlation 
between the signals and sun spots as between 
signals of similar wavelengths received at a 
given receiving station from two separate trans- 
mitting stations. In the following, Figs. 1, 2, 
and 3 deal with long time comparisons in which 
the connections between solar activity and radio 


(1) Proc. I. R. E., vol. XIV, p. 781, 1926. 


transmission is believed to be fairly well esta- 
blished, while Figs. 4, 5, 6, and 7 deal with 
short period (5-day) averages in which the trans- 


mission curves are smoothed by the smoothing 
a+2b+¢ | 

formula —;——. This last, without changing 
the positions of the main maxima and minima, 
renders the transmission curves more easily 
comparable with those of the sun spots. 

Fig..1 shows the annual averages of Nauen 
(X — 13,000 m.) as received at Washington at 
10 A. M. from 1915 to 1926, and the correspond- 
ing annual averages of the Wolfer sunspot 
numbers covering the same period. The signals 
from 1915 to 1921 were taken by the shunted 
telephone method and are therefore less accurate 
than those taken later, but we believe that there 
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Fic. 3. — Monthly Deviation from 3-Year Monthly Averages 
of Tuckerton (WGG), 10 a.m. and 3 p.m. (Corrected for 
Variations in Antenna Current) and Sunspot Numbers, 
1924-1926. 


can be no doubt that the general course of the 
curve is correct. 

Fig. 2 (1) shows the deviations of the indi- 
vidual monthly averages from the three-year 
monthly averages of five distant stations as 
compared with the sunspot numbers. It is seen 
that, while the two curves do not follow each 
other in detail, in general they rise together 


during the three years of increasing solar 


activity. The portion of the figure dealing with 


the rapid increase of sun spots in the autumn 


of 1925 is of especial interest. 


Fig. 3 shows similar curves for the Radio 
Corporation of America transatlantic station at 


(1) Figs. 1 and 2 are repeated from Proc. I. R. E., vol. XV, 


p. 825, 1927. 
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Tuckerton, N. J. (WGG), only 250 km. from 
Washington. 

As has been said, the degree of correlation 
between sun spots and signals is comparable 
with that between two signals received at one 
point from different transmitting stations. For 
comparison with the following curves, therefore, 


Fic. 4. — Deviation of 5-Day Averages from Monthly 
Averages of Tuckerton (WGG), 10 А.м. and 3 P.M. and 
Lafayette (LY), 10 A.M. (1925). 


Fig. 4 is shown giving the relationship of the 
five-day averages of Tuckerton; WGG, and 
Bordeaux LY as received at 10 A. M. during a 
portion of 1925 at the Bureau of Standards. 
Fig. 5 shows the deviations of the five-day 
averages of Tuckerton as compared with the 
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Fic. 5. — Deviation of 5-Day Averages from Monthly 
Averages of Tuckerton (WGG), 10 A.M. and 3 P.M. and 
5-Day Averages of Sunspot Numbers, 1924. 


five-day averages of the sun spots in 1924. The 
year 1924 was very near the sunspot minimum. 

Fig. 6 shows the relationship between the 
sun spots and the same station between March, 
1926 and March, 1927. Here the curves are 
drawn on a smaller scale than in 1924 on 
account of the much greater amplitude of the 
variations both of the sunspot numbers and of 


the signal intensity. It is at once seen that the 
degree of correlation of the sunspot numbers 
and signal seems much better in 1926 and 1927 
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Fic. 6. — Deviation of 5-Day Averages from Monthly 
Averages of Tuckerton (WGG) and 5-Day Averages of 
Sunspot Numbers, 1926-1927. 


than during the period of low solar activity 
in 1924. 

Fig. 7 shows similar curves for the R. C. A. 
station WSS at Rocky Point, L. I., at a distance 
of 435 km. from Washington in 1926-27. [n 
addition to the signal and sunspot curves, a 
curve of the five-day averages of the range of 
the horizontal intensity of the earth's field as 
observed at Cheltenham, Maryland, is included. 
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Fic. 7. — Deviation of 5-Day Averages from Monthly 
Averages of Rocky Point (WSS), 10 А.м. and З P.M. and 
5-Day Averages of Sunspot Numbers and Horizontal 
Intensity (Cheltenham), 1926-1927. 


The resemblances between these curves are 
really striking, though we find here also the 
relative shifts in phase already mentioned 
between the sunspot numbers and the signal 
intensity. In some cases the signals evidently 
lead, while in other cases they lag. 

In examining the curves of the five-day 
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averages, it is evident that while there is little 
question of a connection between solar activity 
and radio signal intensity, yet there is a lack of 
any direct proportionality between the sunspot 
numbers and signal strength. For it is not by 
any means always the largest increase in sun 
spots which eorresponds to the largest increase 
in radio transmission. 

Our present knowledge concerning the rela- 
tion between solar activity and the strength of 
radio transmission may be briefly summarized 
as follows : | 

It seems reasonably certain that long wave 
daylight signal strength has increased in recent 
years with the increasing solar activity, when 
averaged in periods of a month or more, and 
there is fair evidence that the annual averages 
of signal intensity have roughly followed the 
sunspot curve since 1915. 

It is also reasonably certain that night 
transmission in the broadcasting range when 
averaged in periods of a few days is reduced at 
times of high sunspot numbers. 

The information regarding the effects of the 
sun on long wave daylight transmission and 
ultra short wave night transmission averaged 
in periods of a few days, is somewhat discordant 
differing at different times and on different 
stations. These discrepancies may be due to the 
relative phase shifts in the transmission and 
sunspot curves already mentioned. 

Very few observations have been published 
on long wave night transmission, on broad- 
casting day transmission, nor, so far as is 
known, have any been made on broadcasting 
night transmission extending over more than 
one year. | 

There is in general a rough resemblance 
observed in the reception curves of different 
long. wave stations lying in different directions 
from Washington. This would seem to imply 
either that there are simultaneous changes in 
the electrical conditions in the upper atmosphere 
over very large areas or that the conditions in 


the immediate neighborhood of the receiving 


station form the chief controlling factor in 
signal strength. Occasionally, however, marked 
differences in reception from stations in differ- 
ent directions have been noted, a phenomenon 


which is much more common in the case of the 
broadcasting and ultra short waves at night. 

While the sunspot numbers give a rough 
indication of the conditions governing trans- 
mission, it seems probable that they are only 
an imperfect index of the particular form of 
solar activity which apparently is the chief agent 
in controlling radio phenomena. 
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Relations | 
entre les parasites atmosphériques et les 
phénoménes météorologiques, 


par Ковект BUREAU. 


L'étude directe des atmosphériques m'a 
conduit à répartir la plupart d'entre eux en 
trois catégories différenciées par les caractéres 
de leur variation diurne. 

On distingue ainsi : des atmosphériques noc- 
lurnes qui naissent vers le coucher du soleil et 
meurent à son lever — des | 
atmosphériques irréguliers 
que l'on voit apparaître ou 
disparaitre à toute heure 
du jour ou de la nuit — 
des atmosphériques d'aprés- 
midi qui surgissent bru- 
talement vers midi et qui 
faiblissent vers 21 heures 
(fig. 1). 

Par ailleurs j'ai été ame- 
né à rattacher les atmo- 
sphériques à trois types 


"de situations météorologi- qr 19 


ques qui correspondent aux Fig. 1. 
trois genres de variation eprésentation senématiqu 
diurne ci-dessus indiqués. catégories d'atmosphériaues. 
Nous verrons ci-après que les atmosphériques 
nocturnes sont particulièrement nets dans les 
situations anticycloniques, que les atmosphé- 
riques irréguliers se rattachent aux courants de 
perturbations du front polaire, et que les atmo- 
sphériques d'aprés-midi naissent dans certaines 
perturbations orageuses indépendantes du front 
polaire. 

Comme l'étude des caractères météorolo- 
giques des atmosphériques nous conduit ainsi 
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à la méme classification que l'étude de leur 


variation diurne, il y a tout lieu de supposer 
que les caractéres de la variation diurne ne sont 
qu'une conséquence des causes météorologiques 
différentes qui provoquent l'activité plus ou 
moins grande des atmosphériques. Nous verrons 
qu'il en est bien ainsi; que, dans les trois cas, 
les atmosphériques sont d'autant plus violents 
que l'atmosphére est soumise à une agitation 
plus forte suivant la verticale, autrement dit que 
son instabilité thermique suivant la verticale est 
plus grande. Cette instabilité thermique peut 
elle-méme avoir diverses causes et les princi- 
pales sont : 

a) La turbulence sous les surfaces d'inver- 
sion de température (et en particulier sous les 
surfaces d'inversion anticycloniques) ; 

b) L’instabilité verticale due à l'arrivée de 
masses d'air polaire en des régions relativement 
chaudes ou due au passage de certaines sur- 
faces de discontinuité; 

c) Les violents mouvements verticaux de con- 
vection dus à l'échauffement solaire violent des 
couches basses par l'intermédiaire du sol. 


1. — Les facteurs météorologiques. 


ll importe de noter que si l'on a pu établir 
d'une maniére précise les relations étroites qui 
rattachent les parasites atmosphériques aux 
phénoménes de l'atmosphére, c'est que les pro- 
grés récents de la météorologie nous ont fait 
connaitre ces phénoménes et leur mécanisme 
avec une grande précision. Nous savons en par- 
ticulier qu'il ne faut plus considérer la pertur- 
bation météorologique classique, c'est-à-dire la 
dépression barométrique, comme un individu 
météorologique formant un tout homogéne, mais 
que, tout au contraire les dépressions baromé- 
triques sont des régions oü se heurtent des 
masses d'air d'origine, de nature, et de carac- 
téres physiques différents; que l'identification 
de ces masses d'air est devenue l'un des buts 
principaux de l'analyse météorologique; et que 
leurs surfaces de séparation provoquent au sol 
et en altitude des surfaces de discontinuité dont 
le róle est capital dans la formation des princi- 
paux phénoménes atmosphériques. La pression 
barométrique, considérée autrefois comme l'élé- 
ment météorologique principal, n'est plus qu'un 


élément à considérer parmi beaucoup d'autres, 
et la forme des figures isobariques n'est souvent 
plus qu'une indication secondaire. — 

Alors que la simple comparaison des para- 
sites atmosphériques aux diverses figures iso- 
bariques, et, en particulier, aux diverses formes 
de dépressions, ne saurait nous amener à 
énoncer des relations bien précises, puisque l'un 
des éléments de comparaison, l'élément météo- 
rologique, n'est ainsi que trés vaguement déter- 
miné, la comparaison des atmosphériques avec 
les caractéres spécifiques des masses d'air 
d'origine et de nature bien définies, leur compa- 
raison aussi avec les mécanismes divers des 
diverses surfaces de discontinuité nous révéle- 
ront des relations trés étroites entre les phé- 


.noménes radioélectriques et les phénomènes 


météorologiques. 

Il importe donc, au seuil d'une telle étude, 
de rappeler les principaux concepts de météoro- 
logie moderne auxquels, nécessairement, il sera 
fait appel par la suite. 

Les perturbations météorologiques se groupent 
en courants dont les lifs contournent de vastes 
régions oü la pression se modifie peu pendant 
d'assez longues périodes et que l'on nomme, 
aprés Teisserenc де Bort, centres d'action de 
l'atmosphère. Il y a des centres d'action positifs, 
oü la pression est relativement élevée, ce sont 
les anticyclones. ll y a des centres d'action néga- 
tifs où la pression est inférieure à la moyenne, 
ce sont les vastes zones dépressionnaires. 

Parmi les courants de perturbations qui con- 
tournent les anticyclones, qui contournent ou 
traversent les zones dépressionnaires, il faut 
de suite donner une importance particuliére 


à ceux qui se rattachent à un ensemble que 


Bjerknes a nommé le front polaire. Le front 
polaire se déroule tout autour de la terre le long 
des latitudes moyennes. П est le lieu de ren- 
contre des masses d'air dites polaires provenant 
des régions polaires, et des masses d'air dites 
tropicales venant plus ou moins directement des 
tropiques. Bjerknes a montré que les surfaces 
de contact entre ces deux masses d'air peuvent 
étre mises en évidence sur des cartes météoro- 
logiques suffisamment précises par des discon- 
tinuités de la direction et de la vitesse du vent, 
de la température, etc., d’où leur nom de 
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surfaces de discontinuité, que les sondages aéro- 
logiques révélent l'existence de ces disconti- 
nuités en altitude où elles sont presque toujours 
beaucoup plus nettes qu'au sol. On constate 
ainsi que la pente de ces surfaces est trés faible 
(quelques centimétres) et que l'air froid plus 
lourd est toujours au-dessous (voir fig. 7, partie 
supérieure). Les surfaces de discontinuité se 
déplacent. Ce déplacement peut s'opérer de 
deux maniéres, suivant que c'est l'air chaud qui 
remplace l'air froid ou l'air froid qui remplace 
l'air chaud. Dans le premier cas, l'air chaud 
monte au-dessus de la surface, se refroidit par 
détente et provoque ainsi de longues pluies 
continues. C'est ce qu'on nomme un front 
chaud. Dans le second cas, l'air froid expulse 
l'air chaud en se glissant en coin sous la surface 
de discontinuité. C'est le phénoméne du front 
froid accompagné le plus souvent d'averses, de 
grains et méme d'orages. 


Un cyclone du front polaire se développe le 
long de la surface де discontinuité dans les con- 
ditions suivantes : une langue d'air chaud 
pénétre dans la masse d'air polaire; un front 
chaud se développe ainsi et progresse. Cepen- 
dant, derriére la langue d'air chaud, l'air polaire 
progresse à son tour, refoule en la soulevant la 
. masse d'air chaud. La surface de séparation de 
ces deux derniéres masses d'air porte le nom 
de front froid. Le front froid s'avance assez 
vite pour que sa trace sur le sol vienne rejoindre 
la trace du front chaud, coupant ainsi au sol la 
langue d'air chaud de la masse d'oü elle émane 
(phénoméne de la séclusion). Aprés la séclusion 
l'air froid continue à se glisser sous l'air chaud 
qui bientôt ne touche plus du tout le sol (phéno- 
méne de l'occlusion). | 

Plusieurs cyclones naissent ainsi successive- 
ment l'un derriére l'autre le long de la surface 
de discontinuité, formant des familles. Puis la 
masse d'air polaire qui vient fermer l'un des 


cyclones est assez abondante pour rompre le. 


front polaire et venir inonder d'immenses sur- 
faces de pays parfois jusque dans les latitudes 
tropicales. Ce sont les invasions polaires, phé- 
noménes qui mettent fin à une famille de 
cyclones. Le front polaire est ainsi discontinu 


autour du globe. 
Les masses d'air que séparent les surfaces 


de discontinuité ne sont pas toutes des masses 


d'air ascendantes, se soulevant ou soulevées le 
long de ces surfaces. Dans de nombreux cas, 
elles fuient au contraire au-devant de la surface 
ou encore la surface fuit sous elles. Alors 
les masses d'air s'étalent et s'affaissent, se 
réchauffant adiabatiquement en provoquant la 
résorption par évaporation des nuages et des 
brouillards. C'est ce qu'on nomme les surfaces 


d'affaissement ou de subsidience (Abgleitflàche 


signalées par Stüve). On les rencontre dans un 
trés grand nombre de situations, en particulier 
en avant des fronts chauds, derriére les fronts 
froids, sur la face occidentale des anticy- 
clones, etc. 

Dans les invasions polaires, les masses d'air 
polaire ne sont pour ainsi dire jamais homo- 
genes, mais se refroidissent par échelons; et 
l'on y rencontre trés souvent, se suivant les uns 
les autres, plusieurs fronts froids secondaires 
dont la structure rappelle beaucoup celle des 
fronts froids proprement dits. 

Scherechewsky et Wehrlé ont montré que les 
surfaces de discontinuité du front polaire ne 
sont pas les seules qui provoquent la naissance 
de perturbations. Partout oü deux masses d'air 
différentes se trouvent en présence, se déve- 
loppent de pseudo fronts polaires et s'établissent 
des courants de perturbations météorologiques 
qui rappellent ceux du front polaire. L'un des 
courants de ce genre qui intéresse le plus direc- 
tement l'Europe occidentale est celui qui nait 
sur la face sud-est de l'anticyclone des Açores 
entre les masses d'air échauffées par le Sahara 
et les masses d'air relativement froides de 
l'Atlantique. La France est souvent traversée 
par ce courant de perturbations qui l'aborde par 
le sud-ouest. En général alors, le gradient baro- 
métrique est trés faible et c'est là la situation 
orageuse typique. 


2. — Répartition générale des atmosphériques 
dans les centres d'action 
et les courants de perturbations. 


A. Centres d'action anticycloniques. — A 
l'intérieur de vastes anticyclones, la géne pro- 
voquée par les atmosphériques est faible en 
général. Les atmosphériques ne sont cependant 
pas toujours absents dans ces cas. Mais ils s'y 
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manifestent d'une maniére trés réguliére, appa- 
raissent le soir, se maintenant pendant la nuit 
et disparaissant le matin. Ces atmosphériques 
nocturnes d'anticyclones paraissent d'autant 
plus nets que les ondes sont plus courtes et que 
la saison est plus froide. C'est ainsi que pendant 
trois hivers de suite, on a pu constater que les 
échanges de radiogrammes météorologiques sur 
ondes courtes entre la France et le Jacques 
Cartier (naviguant entre la France et le golfe 
du Mexique) ont été particuliérement brouillés 
à la fin des nuits au cours desquelles un anti- 
cyclone s'étendait sur la France. Il semble bien 
également qu'à ces époques les atmosphériques 
génaient davantage les émissions sur ondes 
courtes que les émissions sur ondes longues. 


B. Courants de perturbations. — Si les sta- 
tions d'observation se trouvent placées dans le 
lit des courants de perturbations météorolo- 
giques le plus grand désordre semble régner 
dans la répartition des atmosphériques dans le 
temps et dans l'espace. П serait entiérement 
inexact de dire que le fait de se trouver dans 
un courant de perturbations entraine la présence 
d'atmosphériques nombreux et violents, il serait 
également inexact de dire que les courants 
de perturbations n'ont aucune action sur les 
atmosphériques. La vérité, c'est que les 
diverses phases d'une perturbation météorolo- 
gique entrainent des états électriques entiére- 
ment différents les uns des autres, de méme 
qu'elles se caractérisent par des états du ciel 
manifestant une trés grande variété. Si l'on ne 
fait entrer en ligne de compte que les atmo- 
sphériques susceptibles de géner fortement les 
réceptions radiotélégraphiques, on sera amené 
à considérer que certaines perturbations sont 
pauvres et que d'autres sont riches en atmo- 
sphériques. 

Les cas de — riches en parasites 
se partagent en deux groupes : 


a) Dans le premier, les atmosphériques 
génants apparaissent aussi bien le matin que 
l'aprés-midi ou que la nuit et ils ne s'établissent 
que successivement dans les différentes stations 
d'un méme pays pour disparaitre de méme 
successivement dans ces stations. Ces périodes 


de brouillage coincident toutes avec les phéno- 


ménes météorologiques connus sous le nom 
d'invasions polaires. Je rappelle qu'on observe 
ces phénoménes à la fin du passage d'une 
famille de cyclones. Une immense masse d'air 
polaire se précipitant à l'arriére du dernier des 
cyclones de la famille vient déchirer le front 
polaire, se répand vers le Sud, atteint quelque- 
fois les tropiques, et déverse dans les contrées 
de latitude moyenne une masse d'air relative- 
ment froide parce qu'elle provient en ligne 
presque directe des régions polaires. Cette masse 
d'air est surtout froide en altitude puisqu'elle 
n'y a rencontré aucune cause de réchauffement 
rapide; par contre elle s'est réchauffée sensi- 
blement au contact de la mer et au contact du 
sol dans les latitudes moins septentrionales que 
celles d'oü elle provient. Alourdie en haut, 
allégée en bas, cette masse d'air devient instable; 
elle est par suite le siége de courants verticaux 


Fic, 2. — Variation diurne caractéristique 
des atmosphériques stagnants. 


(Ces atmosphériques sont dus à l'action d'un pseudo front 
polaire venant du Sud-Ouest et auquel est dû 
en partie l'aspect de la carte isobarique et la depression 2.) 


accusés. Nous avons déjà dit que ces courants 
étaient éminemment favorables à la formation 
d'atmosphériques forts; 


b) Le second groupe d'atmosphériques vio- 
lents présente un tout autre caractére. Les 
atmosphériques sont partout localisés à cer- 
taines heures de la journée, ils débutent vers 
11 h. 30 du temps local, ont leur maximum 
vers 15 heures et se prolongent jusque vers 
21 heures et quelquefois plus avant dans la 
nuit. Mais, entre le lever du soleil et 11 h. 30 
il régne un calme relatif, et trés souvent on ne 
relate aucun brouillage dans cette période de 
la journée. Cette sorte de pulsation diurne 
s observe simultanément dans tous les postes 
de la région soumise aux brouillages. Les atmo- 
sphériques y présentent simultanément une 
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recrudescence vers midi et des affaiblissements 
à 21 heures (fig. 2). Ils peuvent étre alors d'une 
rare violence et d'une continuité absolue; il 
arrive souvent qu'ils se prolongent comme un 
roulement ininterrompu pendant l'aprés-midi 
tout entiére, rendant impossibles la plupart des 
réceptions et ne permettant que celles des émet- 
teurs voisins ou puissants. Ce genre de brouil- 
lages, contrairement au précédent, n'intervient 
pas en toutes saisons. П peut se constater en 
France à partir du mois d'avril, il semble parti- 
culièrement fréquent au mois de mai. 11 ne 
semble pas qu'on l'observe entre le mois 
d'octobre et le mois d'avril. La répartition de 
ce genre d'atmosphériques à des heures fixes 
de la journée et le fait qu'ils apparaissent 
partout en méme temps dans la région qui est 
affectée par eux, sans présenter de translation 
en surface, m'ont amené à les dénommer atmo- 
sphériques stagnants par opposition aux autres 
atmosphériques, dus, soit aux invasions polaires, 
soit aux fronts froids. J'ai donné à ces derniers 
atmosphériques le nom d'atmosphériques migra- 
leurs. 

En France, les situations météorologiques 
qui provoquent les atmosphériques stagnants 
sont celles au cours desquelles le pays est sous 
l'action de courants de perturbations orageux 
nés sur la face sud-est de l'anticyclone des 
Acores (voir fig. 2). Ces courants sont dus vrai- 
semblablement au contraste de température 
entre l'anticyclone des Асогез froid en altitude 
et les masses d'air africaines échauffées par le 
désert. Si, par un processus ou par un autre, 
l'anticyclone des Açores étend vers l'Est un pro- 
longement sur la France, aussitót le courant 
de perturbations météorologiques cesse de tra- 
verser le pays et aussitót aussi disparaissent 
les atmosphériques stagnants. Tout se passe 
comme si l'anticyclone des Açores avait poussé 
un verrou barrant à la fois le chemin aux per- 
turbations météorologiques et aux atmosphé- 
riques stagnants. 


3. — L'action des perturbations météorologiques 
du front polaire. 

Disparitions et recrudescences d'atmosphériques. 

A. Disparitions. — Dans les latitudes 

moyennes l'arrivée d'un front chaud entraine 

l'affaiblissement rapide des atmosphériques, 


quelquefois еп moins d'une demi-heure. Се 
phénoméne est trés sensible dans le cas d'un 
front chaud jeune, cas assez rare en France. Il 
l'est également dans le cas de fronts chauds en 
altitude, qui sont presque les seuls qu'on observe 
en Europe occidentale (cyclones occlus). Les 
noyaux de baisse barométrique, qui sont l'indice 
du passage d'une masse d'air chaud, au sol ou 
en altitude, s'accompagnent trés souvent de la 
diminution ou de la mort des atmosphériques 
(fig. 3). 

Ce phénoméne d'affaiblissement et méme de 
disparition est extrémement général. Sous les 
latitudes moyennes, on l'observe aussi bien en 
été qu'en hiver, sur les continents que sur les 
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Fic. 3. — Diagramme d'atmosphériques du 21 octobre 1926. 
(Saint-Cyr.) 
( Exemple de disposition due à l'arrivée d'un front chaud 
en altitude.) 


a 


Os 


océans (le Jacques Cartier l'a observé à chacune 
de ses traversées de l'Atlantique Nord), la nuit 
que le jour. | | 
Non seulement l'arrivée d'un front chaud au 
sol ou en altitude est accompagné d'un affai- 
blissement de l'activité des atmosphériques 
migrateurs, mais elle a également un effet 
d'affaiblissement marqué sur les autres caté- 
gories d'atmosphériques et en particulier sur 
les atmosphériques nocturnes. Quand un front 
chaud commence à aborder un pays, les 
atmosphériques nocturnes peuvent disparaitre 
presque complétement et méme parfois totale- 
ment. П en résulte que l'absence d'atmosphé- 
riques la nuit, qui est un fait anormal, est un 
trés sérieux indice de l'arrivée prochaine du 
mauvais temps, surtout lorsqu'on était aupa- 
ravant dans une période anticyclonique. Cette 
action des fronts chauds sur les atmosphériques 
nocturnes d'anticyclone a des conséquences 
importantes : elle prouve que les deux caté- 
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gories d'atmosphériques, atmosphériques noc- 
turnes et atmosphériques migrateurs en liaison 
avec le front polaire, bien que distinctes l'une 
de l’autre ne sont cependant nullement des 
phénoménes indépendants qui se superpose- 
raient. Sinon l'action du front polaire pourrait 
ajouter quelque chose aux atmosphériques 
nocturnes, mais non point y faire des retranche- 
ments. D'autre part, cette action des fronts 
chauds sur les atmosphériques nocturnes montre 
également que ces derniers ont fatalement une 
origine peu éloignée, sinon ils ne pourraient 
étre affectés par des phénoménes météorolo- 
giques rapprochés. On ne peut en effet attribuer 
cette disparition anormale à des phénoménes de 
propagation lointaine d'ondes électromagné- 
tiques, puisque l'arrivée d'un front chaud ne 
réduit pas la portée nocturne des postes émet- 
teurs lointains. 


La faible activité ou méme l'absence d'atmo- 
sphériques s'observe non seulement à l'approche 
d'un front chaud, mais également dans les sec- 
teurs chauds quand ceux-ci viennent jusqu'au 
sol. Ce phénoméne météorologique est assez 
rare en Europe occidentale il a pu étre observé 
à plusieurs reprises sur l'océan Atlantique Nord 
à bord du Jacques Cartier. Méme dans les 
cyclones de basses latitudes le secteur chaud 
n'est le siége d'aucune activité des atmosphé- 
riques. | | | 

L'air du secteur chaud se refroidit dans ses 
couches basses au fur et à mesure qu'il recouvre 
des latitudes plus élevées; il devient trés stable 
puisqu'il s'alourdit en bas, en restant léger 
en haut, alors que le phénoméne exactement 
inverse se passe dans l'air polaire. Ce pro- 
cessus qui engendre la stabilité de l'air dans les 
invasions d'air tropical (comme le processus 
inverse engendre l'instabilité dans les invasions 
polaires) est vraisemblablement aussi celui qui 
provoque un calme électromagnétique presque 
absolu dans les secteurs chauds et une grande 
agitation électromagnétique dans les invasions 
polaires. 


Les cas d'une stratification horizontale stable 
des masses d'air ne s'observent pas seulement 
pour les secteurs chauds. On les remarque 
également dans les surfaces d'affaissement ou 
surfaces de subsidience. 


Dans les surfaces de subsidience, l'air s'af- 
faisse soit parce qu'il descend le long d'une 
surface de discontinuité, soit parce que la 
surface de discontinuité fuit au-devant de lui; 
dans ce cas comme dans l'autre la subsidience 
entraîne une stratification stable et une dispa- 
rition d'atmosphériques. C'est à un phénomène 
de ce genre qu'il faut trés probablement attri- 
buer la mort des atmosphériques en avant d'un 
front chaud et non pas au front chaud lui- 
méme. C'est également à un phénoméne de ce 
genre qu'il faut attribuer la disparition provi- 
soire des atmosphériques qui se produit, comme 
nous allons l'indiquer plus loin, aussitót aprés 
le passage des lignes de grains. 

Les disparitions d'atmosphériques à la suite 
de phénoménes météorologiques ne s'observent 
pas seulement dans les phénoménes rattachés 
au front polaire. On les constate aussi dans des 
phénoménes météorologiques des tropiques et 
en particulier dans les typhons, comme l'a 
signalé Gherzi. Les typhons se produisent dans 
des régions oü les atmosphériques violents sont 
la régle absolue. Or quand un typhon s'approche 
d'un poste récepteur ou passe à proximité de 
lui, les atmosphériques s'affaiblissent trés sen- 
siblement et sont entiérement absents au centre 
du météore. 

Pour en terminer avec cette question de la 
disparition des atmosphériques par suite de 
phénoménes météorologiques, je tiens à attirer 
l'attention sur une opinion assez répandue et 
qui est que les cyclones fabriquent des atmo- 
sphériques en leur centre et que, gráce au radio- 
goniométre, on peut aussi déceler le centre de 
ces météores méme à trés grandes distances. 
Ce que nous venons de voir nous montre que 
c'est là une erreur. Tout au plus peut-on déter- 
miner ainsi l'approche et la proximité de fronts 
froids bien marqués. Je vais maintenant étudier 
l'action électromagnétique de ces phénoménes 
météorologiques connus sous le nom de fronts - 
froids. 


B. Apparition et renforcement des atmo- 
sphériques. — Dans les latitudes moyennes, les 
fronts froids entrainent une augmentation ou 
une apparition des atmosphériques. Le phéno- 
méne est général, bien qu'il puisse se produire 
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avec des intensités trés diverses. Dans certains 
cas un front froid bien caractérisé produit une 
telle recrudescence d'atmosphériques que toutes 
les réceptions radiotélégraphiques en deviennent 
trés pénibles. Dans d'autres cas au contraire 
les atmosphériques provoqués par le passage de 
la discontinuité météorologique sont trop faibles 
pour brouiller des émissions méme peu puis- 
santes, et on ne remarque le passage qu'à con- 
dition de le surveiller particulièrement. Même 
- dans ces cas, l'influence du front froid sur le 
nombre et l'intensité des atmosphériques est 
indéniable. 

Il faut rattacher l'action des fronts froids à 
celle des invasions polaires qui a été décrite 


FiG. 4. — Enregistrements d'atmosphériques 
dus à l'air polaire. 


On remarquera que, dans ce cas, l'évolution des atmospheriques 
peut étre diflérente méme dans deux localités peu éloignées 
(ici 20 km. de distance entre les deux récepteurs). Cependant 
la différence peut étre due ici en partie aux longueurs d'onde 
(480 métres d'un cóté et 6,000 de l'autre.) 


plus haut. Les atmosphériques de fronts froids 
sont essentiellement des atmosphériques migra- 
teurs qui se propagent en méme temps que ces 
fronts. Le mécanisme de leur formation est 
identiquement le méme que celui de la forma- 
tion des atmosphériques d'invasion polaire. On 
peut méme dire que les atmosphériques d'inva- 
sion polaire ne sont qu'un cas particulier des 
atmosphériques de front froid (fig. 4 et 5). 

On constate, surtout en été, des disconti- 
 nuités de front froid extrémement accentuées 
qui apparaissent en général en France au sud- 
ouest du pays; la ligne de discontinuité s'étend 
sur plusieurs centaines de kilométres de lon- 
gueur et traverse peu à peu la France du Sud- 
Ouest au Nord-Est. Ces discontinuités sont 
accompagnées de parasites atmosphériques 


intenses, même lorsqu'elles ne donnent pas 
encore naissance à des orages, ni à des grains, 
ni à des précipitations, ni même à des forma- 
tions nuageuses. Ceci montre bien que les 
atmosphériques de fronts froids ne sont pas 
une conséquence secondaire de ces fronts qui 
les provequeraient par l'intermédiaire d'orages, 
de nuages ou de précipitations. lls sont au 
contraire un phénomène primaire qui évolue 
parallèlement aux phénomènes météorologiques 
provoqués par le front froid et qui peut même 
se produire sans eux. | 

L'action des fronts froids du front polaire 
peut s'étendre trés au Sud, jusque dans les 
régions tropicales, dans certaines conditions 


Fic. 5. — Diagramme d'atmosphériques du 15 novembre 1926, 
à Paris. 


(Autre exemple d'atmosphériques dus à l'air polaire.) | 


favorables. Certaines perturbations du front 
polaire peuvent se prolonger dans ces régions 
sous forme de fronts froids en altitude. On ne 
les met en évidence sur les cartes météorolo- 
giques que par certaines perturbations dans le 
régime des vents et leur passage se dénote 
souvent par des crochets brusques de la tempé- 
rature et de l'humidité, par l'apparition de 
certains systémes nuageux, quelquefois à peine 
indiqués et d'autres fois très vigoureux et 
donnant des météores violents. L'arrivée de ces 
fronts froids est annoncée plusieurs centaines 
de kilométres à l'avance par une recrudescence 
trés sérieuse des parasites atmosphériques qui, 
dans ce cas, sont, sous les basses latitudes, le 
seul élément météorologique susceptible Ае 
signaler localement et à l'avance l'existence 
d'une perturbation météorologique. 

Quelle est la portée des atmosphériques de 
fronts froids? L'expérience montre qu'elle peut 
étre trés variable (plusieurs centaines de kilo- 
métres à quelques centaines de métres). 

D'aprés des observations faites à bord du 
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Jacques Cartier sur l'Atlantique il semble bien 
que ces différences de portée doivent étre attri- 
buées à la constitution physique des masses 
d'air; quand nous avons affaire au front froid 
d'un cyclone jeune et que les deux masses d'air 
voisines n'étant en présence que depuis peu de 
temps possédent encore tous leur caractéres 
propres, les atmosphériques n'apparaissent pas 
avant le front froid, mais aussi tôt que lui et 
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FIG. 6. — Exemple de simultanéité dans les variations de vent 
et les variations des atmosphériques (8 octobre 1926). 


Courbe supérieure : Direction du vent au sommet de la Tour Eiffel. 

Courbe intermédiaire: Vitesse du vent au sommet de la Tour Eiffel. 

Courbe inférieure : Nombre par minute d'atmosphériques au 
Mont Valérien. 


(L'augmentation brutale des atmosphériques à 22 heures, la 
pointe à 2 h. 30 coincident avec le remplacement d'une masse 
d'air par une autre. Le décalage entre les heures au Mont Valérien 
et les heures à la Tour Eiflel correspond au temps mis par les 
surfaces de discontinuité pour aller d'un point à l'autre.) 


quelquefois un peu aprés. Au contraire, quand 
ја discontinuité de fronts froids est ancienne, 
la recrudescence des atmosphériques commence 
plusieurs centaines de kilométres avant le pas- 
sage du front. 

En Europe la recrudescence des atmosphé- 
riques se produit à des distances qui varient 
entre 50 et 150 kilométres avant le passage du 
front. 


En Afrique occidentale française la recru- 
descence des atmosphériques se produit à des 
distances de 300 kilométres pour des fronts 
froids orageux. 


Les atmosphériques qui précédent et annon- 
cent le front froid ne sont probablement pas, 
tout au moins pour la plus grande part, com- 
parables à une émission du front froid qui serait 
perceptible à distance. Ils ne prennent pas nais- 
sance dans le front froid lui-méme, mais dans 
lair qui précède le front. Ceci s'indique trés 
nettement sur les enregistrements d'atmosphé- 
riques. On constate en effet que, loin de croitre 
réguliérement jusqu'au passage du front froid 
comme cela se passerait s'ils en émanaient, les 
atmosphériques apparaissent brusquement à 
une certaine distance, puis présentent des varia- 
tions trés sensibles allant quelquefois jusqu'à 
s'annuler pour subir un violent renforcement 
au passage du front lui-même. D'autre -part 
les enregistrements paralléles des phénoménes 
météorologiques et des parasites atmosphériques 
révèlent toujours dans le cas du temps de traîne 
ou du temps à grains une correspondance éton- 
nante dans l'évolution des deux phénoménes 
(fig. 6). | 

П ressort de tout ceci que la plupart de ces 
atmosphériques sont provoqués par le carac- 
tére purement local des masses d'air et que leur 
action s'atténue assez vite avec la distance pour 
qu'ils cessent d'étre sensibles à quelques cen- 
taines de métres. du lieu de leur naissance, ce 
qui ne les empéche pas d'étre parfois d'une rare 
violence et assez nombreux pour provoquer 
dans les réceptions les brouillages les plus 
graves. 

Les fronts froids ne produisent pas seulement 
un renforcement des atmosphériques. Aussitót 
aprés leur passage, on constate presque toujours 
une brusque diminution de ceux-ci et souvent 
méme une disparition presque totale pouvant 
durer plus d'un quart d'heure. La bande de 
disparition d'atmosphériques qui fait suite à la 
bande de recrudescence et qui se proméne à 
travers le pays en méme temps que la ligne de 
grains, montre encore à quel point toute cette 
catégorie d'atmosphériques a un caractére nette- 
ment local (fig. 7). 


Il est cependant certains fronts froids parti- 
culiérement intenses et accompagnés en général 
d'orages violents, dans lesquels on a constaté 
l'existence d'atmosphériques ayant une portée 
sensible dépassant certainement plusieurs cen- 
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taines de kilométres et quelquefois davantage. 
En Angleterre, M. Watson Watt s'est attaché 
à la recherche de tels atmosphériques. Il signale 
des cas oü, à l'aide de procédés radiogoniomé- 
triques, il a pu mettre en évidence l'action des 
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F1G. 7. — Schéma de l'évolution des atmosphériques 
dans le front polaire. 


En haut, coupe verticale à travers les différentes masses d'air; en 
bas, atmosphériques. 


En A, apparition des atmosphériques annonciateurs du front froid 
de trace B. 


En C et D, maxima d'atmosphériques au passage de lignes de 
grains. 


En E, disparition des atmosphériques en avant du pont chaud de 
trace Е. 


Еп G, apparition brutale d'atmosphériques coincidant avec l'ar- 
rivée de l'air polaire succédant à l'air tropical du secteur 
chaud F G. 


atmosphériques provoqués par des fronts froids 
situés à plusieurs milliers de kilométres. 
Chaque fois qu'on a cru mettre en évi- 
dence l'existence d'atmosphériques provenant 
du « Centre » d'une dépression on n'a constaté 
en fait que l'action classique des fronts froids. 


4. — Les courants de convection et le gradient 
vertical de la température. 


J'ai déjà signalé plus haut le contraste entre 
la stabilité verticale de l'air tropical des fronts 
chauds correspondant à une disparition d'atmo- 
sphériques et l'instabililé verticale de l'air 
polaire correspondant à une recrudescence de 
ceux-ci. Cette relation entre l'instabilité verti- 
cale de l'air et l'activité des atmosphériques 
est absolument générale et semble pouvoir 
expliquer la formation de toutes les catégories 
d'atmosphériques. A l'origine du caractère 
météorologique de chaque masse d'air, on 
trouve le mode de répartition verticale des tem- 
pératures dans cette masse. Suivant que la 
décroissance de la température avec l'altitude 
est plus ou moins rapide, l'air est plus ou moins 
instable verticalement. Toutes les propriétés 


météorologiques des masses d'air, et en parti- 
culier l'état du ciel, les nuages, les précipitations, 
dépendent directement du degré de stabilité ou 
d'instabilité verticale de l'air. De méme l'exis- 
tence ou l'absence des parasites atmosphériques 
sont des conséquences de cette stabilité ou de 
cette instabilité verticale. 


L'instabilité des masses d'air peut avoir 
diverses causes auxquelles correspondent les 
diverses catégories d'atmosphériques. Quand 
l'instabilité est provoquée par le transport hori- 
zontal de masses d'air, c'est-à-dire à une origine 
dynamique (c'est le cas des perturbations au 
front polaire), nous nous trouvons en présence 
d'atmosphériques migrateurs (atmosphériques 
observés dans les invasions polaires et au pas- 
sage des fronts froids). Le processus de cette 
instabilité a été décrit plus haut. . 


Dans certaines situations météorologiques en 
certaines saisons et sur les continents, l'échauf- 
fement des basses couches de l'atmosphére par 
l'intermédiaire d'un sol surchauffé par le soleil 
peut provoquer de violentes instabilités et des 
courants de convection intense. А cette instabi- 
lité correspondent les atmosphériques stagnants 
qui apparaissent vers midi et sont particulière- 
ment violents vers 15 heures au moment oü la 
convection est le plus accentuée. 

La nuit, le refroidissement par rayonnement 
des basses couches de l'atmosphére provoque 
la formation d'une couche d'inversion, à la 
surface de séparation entre l'air plus chaud 
supérieur et l'air refroidi et lourd des basses 
couches. Le mouvement horizontal des masses 
d'air supérieur provoque dans la couche sous- 
jacente une instabilité tourbillonnaire à laquelle 
correspondent les atmosphériques nocturnes. 
L'existence de ces couches d'inversion est par- 
ticulièrement sensible la nuit dans les anti- 
cyclones, par suite du rayonnement plus intense 
sous le ciel pur et par suite de l'absence des 
perturbations dynamiques capables de balayer 
l'instabilité. C'est pourquoi les atmosphériques 


nocturnes sont particuliérement nets dans les 


périodes anticycloniques, à tel point que j'avais 
été amené à les appeler atmosphériques d'anti- 
cyclone. 

Comme l'instabilité verticale de l'atnosphére 
est un des éléments déterminants de l'aspect des 
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phénoménes météorologiques et comme son 
observation directe à l’aide de sondages est 
onéreuse et parsemée, on voit toute l'utilité 
qu'on peut espérer tirer, au point de vue météo- 
rologique, de l'observation des atmosphériques, 
puisque cette observation fournira l'un des 
procédés les plus simples et les plus écono- 
miques pour obtenir des indications sur l'insta- 
bilité verticale de l'atmosphére. 


5. — Évolution paralléle des atmosphériques 
et des individus météorologiques. 


Nous sommes maintenant en état de comparer 
d'une fagon logique l'évolution des parasites 
atmosphériques et l'évolution des individus 
météorologiques isolés. Nous verrons pourquoi, 
chaque fois que l'on veut commencer l'étude 
par cette comparaison brutale, on aboutit à des 
résultats contradictoires, soit à des conclusions 
inexactes : 


a) Les nuages. — Les fronts chauds comme 
les fronts froids provoquent des formations nua- 
· geuses. 11 est donc évident que certains temps 
couverts correspondront à une absence ou à une 
disparition d'atmosphériques et que d'autres 
correspondront à une recrudescence de ceux-ci. 
Une comparaison brutale de la nébulosité et 
des atmosphériques ne donnera donc aucun 
résultat. Par contre il y a une liaison trés inté- 
ressante à établir entre les formes de nuages et 
les armosphériques. Comme les formes de 
nuages sont déterminées pour une trés grande 
part par la structure verticale de l'atmosphére, 
les formes bourgeonnantes et tourmentées cor- 
respondent à une grande instabilité et en général 
à une assez grande activité des atmosphériques, 
les formes aplaties et stratifiées correspondent 
trés souvent à l'absence ou à la faiblesse des 
atmosphériques. De méme, les cas de ciel pur 
peuvent correspondre à l'absence ou à la pré- 
sence d'atmosphériques. 

b) Brouillards. — Dans l'ensemble l'activité 
des atmosphériques augmente quand la visibi- 
lité s'améliore, ceci par suite de l'influence des 
temps de traine dans lesquels les mouvements 
de convection nettoient l'atmosphére de toutes 
poussiéres et provoquent en méme temps des 
atmosphériques nombreux. Par contre il est 


certaines situations dans lesquelles des atmo- 
sphériques sont observés par brouillard et dispa- 
raissent en méme temps que le brouillard. I! 
faut probablement rattacher ces situations au 
cas des atmosphériques d'anticyclone. 

c) Précipitations. — On peut répéter à ce 
sujet ce qui a été dit pour les nuages. 

d) Tempétes et cyclones. — Une légende 
accuse les tempétes et les cyclones d'étre un nid 
d'atmosphériques. Aussi a-t-on cherché souvent 
à en déceler l'approche à l'aide d'un radio- 
goniométre qui indiquerait à la fois la direc- 
tion des atmosphériques et les centres de ces 
météores. Tout ce que nous venons de voir 
montre que, non seulement cette- relation est 
inexacte, mais qu'elle n'a à proprement parler 
aucun sens, surtout pour les perturbations 
des régions tempérées (front polaire) dans 
lesquelles on distingue plusieurs phases complé- 
tement différentes. Chacune des phases joue 


un róle particulier dans l'évolution des parasites 


atmosphériques; il suffit de se reporter à ce qui 
a été dit plus haut. Quant aux météores tro- 
picaux, nous avons vu que le centre des typhons, 
loin d'étre une usine d'atmosphériques, est 
l'endroit le plus calme qu'on puisse souhaiter 
pour assurer des réceptions radiotélégraphiques 
sans étre géné par eux. En ce qui concerne 
les cyclones des Antilles, je ne connais aucune 
observation précise d'atmosphériques faite en 
leurs centres, mais au contraire une observation 
de disparition d'atmosphériques faite à bord du 
Jacques Cartier. | 


e) Grains et orages. — Pour les grains, ora- 
geux ou non, il suffit de se reporter aux numé- 
ros précédents. Quant aux orages, une petite 
mise au point est nécessaire. I] est indéniable 
qu'un grand nombre d'éclairs sont accompagnés 
d'atmosphériques, mais il est non moins certain 
que ces atmosphériques ne forment qu'une 
infime partie de ceux qu'on observe méme en 
période orageuse. Ceux-ci sont particuliérement 
intenses avant l'arrivée des orages, alors méme 
qu'on n'observe aucun éclair; ils diminuent sou- 
vent pour disparaître parfois presque totale- 
ment pendant que l'orage éclate, et presque 
toujours ils sont trés faibles ou inexistants 
quand l'orage s'est éloigné de la station d'obser- 
vation. Les seuls que l'on observe alors sont 


16 Union Internationale de Radiotélégraphie Scientifique 


ceux qu'accompagnent les éclairs que l'on voit 
apparaitre à l'horizon, c'est-à-dire qu'il en 
existe trés peu et que les réceptions radiotélé- 
graphiques méme faibles ne sont nullement 


brouillées. 
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Measurements of the effective heights 
of the conducting layer 
and the disturbances of August 19, 1927 (') 


by О. DAHL and L. A. GEBHARD, 


Carnegie Institution of Washington 
and Naval Research Laboratory (U. S. A.) 


General Method. — The experiments de- 
scribed below were carried out during the 
summer of 1927. The method is that described 
by Breit and Tuve (2). As before, the signals 
were transmitted at the Naval Research Labo- 
ratory and received at the Department of 
Terrestrial Magnetism. 

The experimental arrangements were almost 
identical with those employed by Breit and 
Tuve. The general scheme was as follows : A 
crystal-controlled, 4,015-kilocycle, 10-kilowatt 
set located at Bellevue was modulated so as to 
send out short interrupted trains of waves. The 
duration of each train was roughly 1/1;500 
second, the space between the end of one train 
and the beginning of another being about 
1/750 second. The signals were received on the 


roof of the main building of the Department of . 


Terrestrial Magnetism. The receiving aerial was 
a small loop. This was connected to the first 
detector of a superheterodyne set having an 
intermediate frequency of 50 kilocycles. The 
second detector of the superheterodyne was fed 
into a resistance of 25,000 ohms connected 
between the filaments and grids of four 7.5-watt 
tubes (n? 210 x) used in parallel. The output 
of these tubes was passed through a General 
Electric oscillograph with a proper balancing 
arrangement for the steady plate-current. The 
resultant wave-form was photographed and 
observed visually. 


(1) Presented before the convention of the International 
Union of Scientific Radiotelegraphy, October 14, 1927. 

(2) G. Breit and M. A. Tuve (Phys. Rev., vol. 28, 1926, 
pp. 554-575). 


The idea of the method is to photograph on 
the same record the trains arriving directly over 
the ground from Bellevue as well as their echoes 
arriving via the conducting layer. The lag 
between the arrival of the echo and the train 
which produced it gives the effective height of 
the layer. 


Transmitter. — Figure 1 shows a diagram 
of the transmitter. А quartz crystal-oscillator 
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Fic. 1. - - Diagram of transmitting circuit, crystal control, 


10 kilowatts, 4,015 kilocycles. 


was used as a master. Its output was first 
amplified by à 250-watt tube and then by a 
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Wave-form of transmitter as used 
in experiments. 
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20-kilowatt tube. Control and modulation were 
accomplished in the first, i. e., the 250-watt 
stage of the amplifier. In controlling, with the 
key up, a high negative voltage was placed on 
the grid. This stopped the amplifying action of 
the 250-watt tube. The same principle was used 
in modulating. 

The modulation voltage was obtained from 
a 500-сусје generator fed through a trans- 
former. The 500-cycle output of the trans- 
former was passed through a voltage divider, 
and a proper part of the grid biasing voltage 
was superposed on a constant negative bias. 
Figure 2 shows the actual relations. The 
constant negative voltage was 800 volts. The 
alternating 500-cycle voltage had an effective 
value of 525 volts. Its graph against time is 
shown on curve (b). The portions of time in 
which the 250-watt tube is operative are shown 
on (a). The humps shown on (a) represent 
approximately the envelope of the antenna 
current. 

Figure 3 shows a photograph of the trans- 
mitting apparatus. 


Receiving Apparatus. — The difference be- 
tween the receiving apparatus used in these tests 


and in those of Breit and Tuve consists in the 
following items : 


1) Different location of the apparatus. The 
measurements were made on the roof of the 
main building, while in the summer of 1925 
they weree made in the small Experiment 
Building. 

2) The receiving aerial was a small loop 
2 feet square instead of an antenna. 


3) 7.5-watt tubes were used in the power 
.amplifier instead of the 5-watt tubes used pre- 
viously. Four tubes in parallel were used in 
.each case. 


4) A 7.5-watt oscillator loosely coupled to 
the superheterodyne was substituted for the 
201 A oscillator used previously. 


Results. — The results obtained are sum- 
marized in the following table. 


Determination of Heaviside-Layer Heights 


DATE TIME HEIGHT IN MILES TRANSMITTER 
1927 h. m h. m. 

Aug. I5 200— 215 p.m. 128 or 66 Antenna 
16 IO 00 — IO I5 a. m. 70 OT 124 Antenna 
16 200 — 215 p.m. 62 Antenna 
17 IO OO —- IO 15 à. m. бо and perhaps 110 Antenna 
17 2 00 = 2 15 р. m. 53 Antenna 
I9 XX" No reflection Antenna 
22 200— 215p.m 112 ог 80 Antenna 
23 10 00 — IO I5 a. m 103 Horizontal doublet 
23 IO 30 — 10 45 a. m 104 Ап(еппа 
23 2 00 — 215 p.m 104 Antenna 
23 2 30 — 2 45 p.m 124 Horizontal doublet 
24 IO 00 — IO 15 a. m 92 Horizontal doublet (ground wave 

stronger than reflected) 

25 IO I5 — Ilo 30a. m 103 Horizontal doublet (reflected wave 


stronger than ground) 


2 
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It must be noted also that not only did the 
reflected wave disappear on August 19 but 
also that the « ground » wave itself was received 
with difficulty. During the same period the 
reception of signals at the Naval Research 
Laboratory was decidedly below the average 
— some familiar stations not coming in at all. 

Reports were received that the abnormal 
conditions caused a great deal of difficulty in 
copying on the San Francisco-Washington 
high-frequency circuit both day and night. For 
three days previous to and including the 21st 
much trouble was had in clearing traffic to 
London, it being the first time in over a month 
that London did not receive everything on the 
first transmission. 

A report from London stated that during this 
period poor receiving conditions existed on all 
short-wave stations to the west of London, but 
that conditions were normal in receiving stations 
from other directions. Another London report 
stated that the same trouble was experienced 
with the Canadian Beam. The conditions, 
however, apparently did not affect the reception 
of Washington's 12,045 kilocycles frequency in 
San Francisco. On August 19, Lakehurst, New 
Jersey, was unable to receive Washington's 
' 8: 15 a. m. weather broadcast on 4,015 kilo- 
cycles, and Pensacola, Florida, could not copy 
this broadcast on 8,030 kilocycles. The failure 
of these two stations to get the broadcast was 
considered unusual, and could not be accounted 
for since the weather broadcast had been pro- 
perly transmitted. 

Several people reported to the Naval Re- 
search Laboratory that during the disturbance 
broadcast signals in the 500-1,500 kilocycles 
band also showed abnormalities. 

We attempted to ascertain whether this un- 
usual condition was definitely connected with a 
visible disturbance on the sun. No sufficiently 
definite information could be obtained because, 
even though there was an unusual spot in the 
southwestern quadrant of the sun, it had been 
active several days before August 19. 

However, our information seems fairly defi- 
nite to the extent of indicating that just before 
the disturbance the layer height was around 


50 miles, while after the normal condition had 
been reached again the layer height was increa- 
sed to 100 miles and more. 

Figures 4 and 5 give reproductions of typical 
wave-forms observed during this period. The 
first of these was taken on August 25 and the 
second on October 8. Figure 6 is a reproduction 
of the photograph of the sun on August 19 
kindly put at our disposal by S. B. Nicholson 
of the Mount Wilson Observatory. 


ж k ox 


International 
Comparison of Frequency Standards, 


by J. H. DELLINGER, 


Chief of Radio Section, Bureau of Standards, 
Washington D. C. (U. S. A.) 


This paper is a brief resume of the inter- 
national comparisons of frequency standards 
in which the « Bureau of Standards » has 
participated in the past four years. The 
accuracy of such intercomparisons has steadily 
increased during this period, keeping pace 
with the increasing demands of practice. Those 
demands now require measurements of very 
great precision. | 

International comparisons of any physical 
quantity can be made by sending the standards 
of that quantity successively to the laboratories 
of the different nations. In the frequency com- 
parisons that method has been followed with 
one exception. About four years ago it appeared 
that greater accuracy might possibly be obtained 
by another method, namely, the simultaneous 
measurement in the various laboratories of the 
frequencies of waves transmitted from stations 
of sufficient power to be received simul- 
taneously in many nations. In 1924 such a set 
of comparisons was organized by the « Bureau 
of Standards » and measurements were made 
in the national laboratories of England, France, 
Italy, Germany and the United States. The 
results of such comparisons extending over a 
number of weeks were only fairly satisfactory. 
The accuracy of measurement was not as 
good as had been hoped. The result, briefly, 
was to show an agreement between the various 
countries within about two parts in 1,000. The 
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methods used, and independent evidence of 
various kinds, were such that it was certain that 
the standards used in each of these countries 
were more accurate than this. The observed 
differences were therefore due in large part to 
the methods of measurement. | 

From the foregoing experience it was 
concluded that the more common method 
(actual transportation of standards from one 
laboratory to another) used in connection with 
other physical quantities should be considered 
anew. Just at that time, about three years ago, 
enough had been learned of the possibilities of 
piezo oscillators and piezo resonators to make 
it appear that they offered particular advan- 
tages as portable standards. Measurements 
upon piezoelectric devices therefore offered a 
method which might be superior to the scheme 
of measuring simultaneously the frequencies of 
transmitted waves. The first attempt of this 
kind was an informal series of measurements 
made in several national laboratories by 
Prof. W. G. Cady, Professor at Wesleyan 
University, Middletown, Connecticut. He took 
a number of piezo resonators (not oscillators) 
abroad; the results of his measurements are 
published in his article, « An international 
comparison of radio wave length standards by 
means of piezoelectric resonators » (1). 

In December, 1925, the « Bureau of 
Standards » sent a piezo oscillator to Europe, 
sending it first to the « National Physical 
Laboratory » of England which was to send 
it in turn to General Ferrié in France, to 
Prof. Vallauri in Italy, to the « Physikalisch- 
Technische Reichsanstalt » in Germany, and 
then to be returned to the Bureau. A second 
piezo oscillator was sent in July, 1926, in 
the other direction, i. e., beginning with the 
« Physikalisch-Technische Reichsanstalt ». It is 
to be noted that complete piezo oscillators were 
sent, not merely the quartz plates. 

The quartz plate is a standard of radio 
frequency having tremendous possibilities, but 
it is not a standard of absolute constancy as 
was assumed in unwarranted fashion by many 
people at the time that its possibilities in radio 


(1) Proc. I. R. E., vol. 12, p. 805; Deceniber 1924. 
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were first recognized. There are a number of 
factors which introduce variations in the fre- 
quency of the electromotive force produced by 
a vibrating quartz plate, and also in the fre- 
quency of response of a piezo resonator. These 
factors are the temperature, the particular 
method and details of the mounting of the 
quartz plate, the circuit constants of the asso- 
ciated circuits, and the methods of coupling 
between the circuit in which the quartz plate 
is inserted and the necessary auxiliary and 
measuring circuits. It is not true that highly 
accurate comparisons can be made by sending 
a quartz plate in the mail from one laboratory 
to another. The effects of the circuit constants 
may vary the frequency produced by a piezo 
oscillator several parts in 1,000, and therefore 
a complete piezo oscillator must be sent for 
accurate comparisons. 

The measurements upon the two piezo 
oscillators sent to Europe by the « Bureau of 
Standards », on account of the necessary delays 
in getting from one laboratory to another, have 
only recently been completed. The results are 
very satisfactory, showing that the use of port- 
able piezo oscillators is a far more dependable 
method of making international comparisons of 
frequency standards than simultaneous measur- 
ements of station frequencies. The differences 
between the measurements in the various 
laboratories have a maximum of eight parts in 
10,000; the net result is to show an agreement 
by this method which may be summarized as 
a few parts in 10,000. It is uncertain as a result 
of this work as to whether the observed differ- 
ences were due to variations in the piezo 
oscillators used as the means of comparison or 
to actual differences in the basic standards of 
the different countries. 

The same method was used, namely the 
sending of piezo oscillators, to make compar- 
isons between the frequency standards of the 
United States, Canada and Japan. In February, 
1927, a piezo oscillator was sent to Canada, 
was there measured by the « Radio Service of 
the Department of Marine », then returned 
and measured again by the « Bureau ot 
Standards ». The results were of the same order 
as those obtained in the European comparisons, 
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and were considered by the Canadian admi- 
nistration as giving a comparison of standards 
to as great an accuracy as their measurements 
permitted. | 

The « Bureau of Standards » sent а piezo 
oscillator in March, 1927, to Japan. I have just 
received the results of the Japanese meas- 
urements from Prof. Yokoyama. The average 
of the Japanese values differs from the 
« Bureau of Standards » measurements by 
only one part in 10,000. 

In February of this year a group of American 
commercial companies, the « General Elec- 
tric C? », the « American Telephone and Tele- 
graph С“ », « Westinghouse C^ », « Radio 
. Corporation of America », « General Ra- 
dio С“ », and two departments of the govern- 
ment, the Navy and the « Department of 
Commerce », had a conference at the « Bureau 
of Standards », and drew up a program with 
a view to establishing a more accurate basis of 
frequency measurements. Each of these organ- 
izations had been conducting considerable 
research on this subject, and it seemed that 
progress could be made faster by combining 
the resources and experience of all the organ- 
izations. Incidental to the beginning of this 
program of work the « General Electric С° », 
« Westinghouse C° », and the Navy construct- 
ed a number of improved piezo oscillators. 
These are an advance over those previously 
used in that there is a thermostat provided to 
keep the temperature of the quartz plate 
constant. 

As 1 was going to Europe this summer for 
the « Bureau of Standards » an opportunity 
was presented to use one of these instruments 
for comparisons with the national standards of 
the national laboratories of Europe. It was 
hoped that by taking this improved instrument 
to the European laboratories a frequency 
comparison could be obtained that would sur- 
pass previous ones in accuracy. I accordingly 
had the pleasure of making frequency meas- 
urements, all of which were very satisfactory, 
at the « National Physical Laboratory » in 
England, at the laboratory of the « Télégraphie 
militaire » under General Ferrié, in Paris, at the 
« Italian Navy Laboratory » in Livorno, Нају, 
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and at the « Physikalisch-Technische Reichs- 
anstalt », in Berlin. I wish to acknowledge the 
splendid cooperation given me in each of these 
laboratories by my collaborators, D' D. W. 
Dye at the « National Physical Laboratory », 
Prof. R. Jouaust, in Paris, Prof. G. Vallauri, 
in Livorno, and D' E. Giebe at the Reichs- 
anstalt. The measurements were made in July 
and August. 

We measured the frequencies of the piezo 
oscillator at the « Bureau of Standards » 
before I left the United States and again after 
my return. The instrument contained two quartz 
plates in a thermostatically controlled heated 
enclosure, the quartz plate being kept at a 
temperature of 46° C. Instruments were pro- 
vided to insure that filament and plate voltages 
were always the same. The frequencies of both 
quartz plates were approximately 200 kilo- 
cycles. 

It was interesting to find that in all the 
laboratories the same general method is used 
for frequency measurements of high precision. 
Typically, there are three generators placed 
in the laboratory about ten feet apart; one is 
the piezo oscillator under measurement, one is 
the auxiliary oscillator or heterodyne, and the 
third is the standard instrument against which 
the piezo oscillator is to be measured. There 
is coupled to each of these a single circuit which 
contains a receiving set with telephone receivers 
connected to it.. The method of measurement is 
in all cases some variation of the simple pro- 
cedure of listening for the frequency differ- 
ence between the auxiliary generator and the 
piezo oscillator, and by one process or another 
reducing this difference to zero, and then 
adjusting to equality with the auxiliary genera- 
tor the standard in terms of which the piezo 
oscillator is being measured (or else deter- 
mining the difference between the standard 
and the auxiliary generator). 

The results justified every hope. The differ- 
ences between the different laboratories in these 
measurements ranged from zero to five parts 
in 100,000, the average of the departures from 
the mean being three parts in 100,000. This 
agreement is indeed as good as the degree of 
certainty of the national standards. It is con- 
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cluded that by using a portable temperature- 
controlled piezo oscillator in which the currents 
through the circuits are always adjusted to the 
same value, it was possible to get a 10-fold 
increase of accuracy over the use of simpler 
types of piezo oscillator as in the previous 
comparisons. 

This is not by any means the limit of attain- 
able accuracy. The instrument with which these 
comparísons were made was one upon which 
complete studies had not been made as to 
temperature equilibrium, frequency lag, and 
temperature coefficient of the quartz plate. No 
doubt as time goes on we can improve upon 
this and arrive at our goal, which has been set 
as an accuracy of one part in 100,000. On the 
whole, however, I feel that it has been demons- 
trated that the several national laboratories are 
measuring frequencies with an accuracy very 
satisfactorily in advance of the immediate 
requirements of radio practice. Those require- 
ments are becoming increasingly rigorous, 
and the national laboratories must therefore 
continue their efforts for even higher accuracy 
of frequency measurement. 
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L'emploi de cellules photoélectriques, 
associées à des lampes à plusieurs 
électrodes, à la solution de divers pro- 
blémes concernant la mesure du temps. 


par G. FERRIÉ et R. JOUAUST, 
Tél. mil. (Paris, France). 


La mesure des intervalles de temps présente 
un intérét primordial dans un grand nombre 
de problémes scientifiques concernant la radio- 
télégraphie, en particulier pour Ја détermination 
des fréquences, qui nécessite une trés grande 
précision. De plus, l'emploi de la radiotélégra- 
phie pour l'émission de signaux horaires, et 
l'utilisation de ces derniers pour les études rela- 
tives à la propagation des ondes, aux origines 
des perturbations atmosphériques (statics), etc., 
augmentent encore l'importance que présente 
la mesure du temps pour les spécialistes de la 
radiotélégraphie. 

Il n'y a pas lieu d'entrer ici dans les détails 
des méthodes et appareils établis jusqu'à main- 


tenant pour la détermination et la conservation 
de l'heure, ainsi que pour la mesure des inter- 
valles de temps. Nous nous bornerons à indi- 
quer quelques dispositifs que nous avons créés 
en utilisant les cellules photoélectriques au 
potassium associées à.des lampes à plusieurs 
électrodes et à des amplificateurs employés dans 
la technique courante de la radiotélégraphie (1). 


Aménagement des pendules astronomiques. — 
Les pendules astronomiques, utilisées dans les 
observatoires pour conserver l'heure détermi- 
née par les observations astronomiques, sont 
parvenues à un trés haut degré de perfectionne- 
ment. Leur marche journaliére est trés régu- 
liére et trés faible, et n'est généralement pas 
supérieure à un centiéme de seconde. On peut 
donc mesurer de longs intervalles de temps 
avec une trés grande précision. 

En revanche, quand on compare les durées 
des diverses secondes données par ces pen- 
dules, on s’apercoit qu'elles différent entre elles 
de quantités notables atteignant parfois le cen- 
пете de seconde. Ces pendules ont donc une 
précision insuffisante quand on se sert de 
leur intermédiaire pour mesurer de courts 
intervalles de temps, d'une durée de quelques 
secondes par exemple. Les causes de ces irré- 
gularités sont les suivantes : 

Les pendules des observatoires, étant placées 
loin des lieux d'observation, souvent méme 
dans des caves, ne sont pas sous les yeux des 
astronomes et, pour permettre d'utiliser leurs 
indications, on emploie le procédé ci-aprés : 

La pendule porte un dispositif qui toutes les 
secondes (le plus souvent toutes les deux 
secondes) ferme un circuit électrique. La fer- 
meture de ce circuit donne passage à un courant 
qui actionne la plume d'un chronographe ou 
produit un « top » dans un téléphone. Le dispo- 
sitif de fermeture est constitué par un cliquet 
porté par le balancier et engrenant avec une 
roue dentée. On congoit que quelques précau- 
tions qui aient été prises pour la taille des roues, 
leurs dents ne sont pas identiques. 


(1) Nous avons entrepris ces travaux des 1922 et leurs 
résultats ont été successivement communiqués aux réunions 
des Unions internationales d'Astronomie et de Géodésie- 
Géophysique à Rome en 1922, Madrid 1924, Cambridge 1926, 
et publiés également dans des revues astronomiques et radio- 
télégraphiques ainsi que dans les Comptes rendus de l'Aca- 
démie des Sciences. 
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La fermeture du circuit n'a donc pas lieu à 
l'instant précis,ou le balancier passe par sa 
position d'équilibre, et la quantité dont elle en 
différe varie avec la dent qui engréne avec le 
cliquet. La premiére idée qui vient à l'esprit 
pour éliminer cette cause d'erreur consiste à 
chercher un procédé pour observer directement 
le balancier. 

Le principe du dispositif de ce genre que 
nous avons établi dés 1923 pour l'Observatoire 
de Paris était le suivant : 

Un miroir était fixé sur le balancier et, chaque 
fois que le balancier passait par la position 
d'équilibre, les rayons lumineux émanés d'une 
lampe électrique étaient réfléchis par le miroir 
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Fig. 1 


et tombaient sur la partie sensible d'une cellule 
photoélectrique au potassium. Le courant photo- 
électrique, amplifié par des lampes à 3 élec- 
trodes, était susceptible d'actionner des appareils 
enregistreurs. 

Dans la réalité, le probléme présentait des 
difficultés pratiques, car les pendules de l'Ob- 
servatoire de Paris sont placées dans des caves à 
une profondeur d'environ 27 métres. La figure 1 
montre la solution adoptée. 

Sur le balancier de la pendule était placé un 
miroir plan M. La lentille L, donnait sur ce 
miroir l'image d'une puissante lampe élec- 
trique S. 

Dans un Анте D,, placé devant la 
lentille, était ménagée une mince fente horizon- 
tale F,. Ce sont les rayons émanés de cette 
fente qui venaient se réfléchir en M. 

Le systéme était disposé de telle facon que 
lorsque le balancier était vertical, les rayons 
réfléchis par M pouvaient passer à travers une 
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autre fente horizontale ménagée dans le dia- 
phragme D,. Ils étaient reçus par une len- 
tille L, et donnaient au point O sur le miroir N 
une image de la lampe. Les rayons réfléchis 
par le miroir N, transformés en un faisceau 
parallèle par la lentille L}, s'élevaient dans un 
puits vertical de 27 métres de hauteur et étaient 
concentrés par la lentille L, sur la cellule 
photoélectrique. 

On voit qu'à chaque passage du balancier par 
la verticale, la cellule était illuminée pendant 
un temps trés court. 

Le courant photoélectrique était amplifié par 
un amplificateur à deux étages, le premier com- 
portant une lampe bigrille et le second un 
systéme de trois lampes ordinaires en paral- 
léle (fig. 2). 

Ce courant amplifié, de l'ordre de 4 à 5 mil- 
liampéres, était susceptible d'actionner la plume 
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Fic, 2. — Amplification pour la pendule de la cave 
de l'Observatoire de Paris. 


d'un enregistreur, ou bien était envoyé dans 
le primaire du transformateur d'entrée d'un 
amplificateur à basse fréquence et donnait des 
« tops » perceptibles au téléphone. 

Comme appareil enregistreur, on utilisait un 
des appareils à noir de fumée utilisés pour le 
repérage du son pendant la guerre; le systéme 
déviant étant un oscillographe à style Abraham 
du type dit électrométrique. La vitesse de dérou- 
lement du papier était de 6 centimétres par 
seconde. 

Sur la méme bande étaient inscrites les vibra- 
tions d'un diapason à 50 périodes entretenu 
électriquement sans contact par des lampes à 
3 électrodes suivant le procédé indiqué simul- 
tanément en France par Henri ABRAHAM, en 
Angleterre par ECCLES et JORDAN. 

Les bandes ainsi obtenues ont été examinées 
au moyen d'une machine à diviser et ont encore 
mis en évidence une inégalité des diverses 
secondes (on ne comparait bien entendu que les 
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secondes de méme signe). Ces irrégularités 
étaient moindres que celles relevées par la fer- 
meture d'un circuit électrique par le balancier, 
mais elles étaient encore importantes (de l'ordre 
de 5 à 6 millièmes) et présentaient nettement 
une périodicité de l'ordre de la minute; ce qui 


indique bien que le mécanisme de la pen- 


dule devrait en étre cause. Signalons que 
M. P. P. QUAYLE, du « Bureau of Standards », 
a également reconnu par la suite que les meil- 
leurs chronométres de cet établissement pré- 


aux bornes des accus 4 volts 


Pend Le 
syn chronise 
Cort (eur de 
Јес А 


Les considérations qui précédent montrent 
que le balancier de la pendule est tantôt légè- 
rement en avance, tantót légérement en retard 
sur le balancier idéal qui serait réalisé s'il 
n'existait aucune cause de perturbation et dont 
la période serait parfaitement régulière, la 
somme algébrique des écarts étant nulle au bout 
d'un temps de l'ordre de la minute. 

Si donc on cherche à déterminer l'instant 
d'un signal ou d'un « top » enregistré sur la 
méme bande que les battements de la pendule, 


Fig. 4. — Pendule photoélectrique auto entretenu. (Installation faite à l'Observatoire de Paris.) 


sentaient également, pour la durée de leurs 
diverses secondes, des irrégularités de plusieurs 
millièmes (1). 

C'est évidemment dans le mécanisme de la 
pendule qu'il faut chercher la cause de ces 
irrégularités. 

On sait que tout choc, qui n'est pas donné au 
balancier à l'instant précis oü il passe par sa 
position d'équilibre, agit sur la période. C'est 
ce qui se produit avec-les dents des rouages de 
la pendule qui, n'étant pas exactement taillées, 
n'agissent pas toutes au moment précis oü le 
balancier passe par sa position d'équilibre. 11 
en résulte donc une variation pour la période 
du balancier. 


(1) Journal of the Franklin Institute, mars 1927, p. 407. 


en mesurant sur la bande l'intervalle de temps 
qui sépare ce signal ou « top » de la seconde 
la plus voisine, on commet une erreur égale à 
la différence de phase entre le balancier vrai 
et le balancier idéal au moment de la seconde 
servant de repére. Si, au contraire, on détermine 
le méme instant en mesurant sur la bande les 
intervalles de temps qui séparent le signal ou 
« top » des 60 secondes les plus voisines, et en 
faisant la moyenne, l'erreur est éliminée. 


Cette maniére de procéder est longue, et de 
plus elle est difficile à appliquer quand il s'agit 
de comparer, non pas un signal ou « top » aux 
battements d'une pendule, mais une série de 
signaux radios dont l'enregistrement est parfois 
incomplet, ou une série de battements d'une 
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autre pendule pour déterminer la différence de 
période des deux pendules et leur état relatif. 
La précision des mesures laisse donc à désirer 
en général. 

Les erreurs ainsi occasionnées se manifestent 
par exemple dans les publications du Bureau 
international de l'Heure relatives à l'opéra- 
tion mondiale de longitudes faite en octobre- 
novembre 1926. On note, en particulier, des 
écarts assez importants, pour les heures 
de réception des signaux radiotélégraphiques 
d'ANNAPOLIS, entre les divers relevés effectués 
sur une méme bande. Ces écarts sont düs au fait 
qu'on n'a pu utiliser pour chacun de ces relevés 
qu'un nombre restreint de signaux. 


Pendule auto-entrelenu. — Pour éliminer 
cette cause d'erreur, nous avons cherché à 
réaliser un pendule dont la période soit aussi 
constante que possible pendant toute la durée 
de l'enregistrement de ses battements qui est 
nécessaire pour effectuer les comparaisons dési- 
rées, c'est-à-dire pendant un temps relativement 
court, de l'ordre de 15 minutes au maximum. 

Au lieu d'employer un pendule libre comme 
l'ont fait par la suite certains expérimentateurs, 
par exemple M. BROWN qui a utilisé un pendule 
géodésique (1), nous avons réalisé depuis 1925 
un pendule entretenu sans aucune liaison méca- 
nique par l'intermédiaire d'un rayon lumineux 
agissant sur une cellule photoélectrique au 
potassium. Le principe de l'appareil est le 
suivant : 

Un balancier, du type de celui des pendu- 
lettes entretenues électriquement suivant le 
principe indiqué il y a longtemps par Cornu, 
porte un aimant plongeant horizontalement dans 
une bobine. Pour entretenir son mouvement, il 
suffit d'envoyer, chaque fois que le balancier 
passe par la position d'équilibre, un courant de 
sens convenable dans la bobine. Pour obtenir 
ce courant sans que le balancier ait à fermer 
aucun circuit par un contact matériel pouvant 
troubler sa période, sur la tige du balancier a 
été fixé un miroir qui est frappé par un rayon 
lumineux émané d'une lampe et, venant aprés 
réflexion, éclairer la cellule à l'instant conve- 


(D Bulletin of the National Research Council, t. 11, partie 12, 
n" 56, novembre 1926. 
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nable. Le courant qui est alors engendré dans 


celle-ci est envoyé dans un amplificateur à 
lampes puis dans la bobine. La durée de l'im- 
pulsion n'est que de 5 à 6 centiémes de seconde 
et se produit exactement à l'instant оџ le balan- 
cier passe par la verticale. | 

Une difficulté se présentait, le pendule (qui 
bat la demi-seconde) éclaire Ја cellule chaque 
fois qu'il passe par la position d'équilibre et 
par suite, le courant photoélectrique étant tou- 
jours de méme sens, l'action sur l'aimant du 
balancier est de sens contraire pour deux demi- 
oscillations consécutives du pendule. La résul- 
tante est donc nulle. Le dispositif suivant a 
permis de tourner cette difficulté : 

А côté du pendule libre est placée une pendu- 
lette de méme période et de méme type, mais 
munie de tous ses organes habituels (contacts, 
d'horlogerie, aiguilles, cadran), 
réglée au synchronisme aussi bien que possible, 
et s'entretenant électriquement elle-méme par 
le procédé ordinaire. Toutefois, outre le bobi- 
nage servant à l'entretien, un autre enroulement 
concentrique au premier est parcouru par le 
courant amplifié d'origine photoélectrique qui 
sert déjà à l'entretien du pendule libre et qui 
assure alors un synchronisme parfait entre cette 
pendulette et le pendule libre. 

Cette pendulette supplémentaire permet de 
compter sur son cadran les oscillations de son 
balancier et par suite celles du pendule libre 
qui est synchrone. En outre cette pendulette 
commande un dispositif qui, toutes les demi- 
secondes de méme polarité (paire ou impaire), 
ferme un circuit commandant un obturateur mü 
électriquement et disposé sur le trajet du rayon 
réfléchi (1). Dans ces conditions, la cellule ne 
peut recevoir la lumiére que toutes les deux 
demi-secondes et le pendule libre entretient auto- 
matiquement son mouvement sans difficultés. 

Le dispositif complet est le suivant (fig. 3 
et 4) : 

Une lampe à filament rectiligne envoie sa 
lumiére sur un miroir sphérique donnant de ce 


(1) En réalité, pour obtenir un bon fonctionnement de l'obtu- 
rateur, on établit un léger décalage entre le pendule libre et 
la pendulette-compteur. On arrive à ce résultat en réglant la 
pendulette à une période très légèrement différente de celle 
du pendule auto-entretenu. Dans ces conditions on sait qu'une 
légere différence de phase s'établit entre le balancier synchro- 
nisateur et le balancier synchronisé. 
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filament une image sur un diaphragme muni 
d'une fente placée devant la cellule. L'appareil 
est réglé de telle facon que l'image se forme 
exactement sur la fente quand le balancier est 
vertical. On obtient de cette facon des départs 
trés brusques du courant photoélectrique. 

En série avec l'anode de la cellule photoélec- 
trique est placée une résistance de 40 mégohms 
connectée d'autre part entre le filament et la 
grille d'une lampe à 3 électrodes. Toute pro- 
duction de courant par la cellule provoque une 
chute de tension aux bornes de la résistance 
et par suite une variation du courant plaque de 
la premiére lampe (1). 

Cette variation de courant est amplifiée au 
moyen d'un amplificateur du type dit « à cou- 
rant 'continu », comportant deux lampes en 
paralléle. 

Dans le circuit plaque de l'une des lampes 
est placée la bobine d'entretien du pendule libre, 
dans le circuit plaque de l'autre sont intercalées 
les spires de synchronisation de la pendulette 
qui commande l'obturateur et sert de compteur 
de temps. On place en outre en série les bobines 
de l'appareil enregistreur ou les enroulements 
d'un relais commandant les appareils d'émission 
du poste de T. S. F. 

Pour éviter les sujétions et les ennuis causés 
par l'usage et l'entretien des batteries de piles 
nécessaires à la création du potentiel accéléra- 
. teur de la cellule et à l'alimentation des plaques 
des lampes triodes, on utilise le secteur éclairage 
à courant alternatif qui alimente l'Observatoire 
de Paris. La tension du secteur, élevée à une 
valeur convenable par un transformateur, est 
redressée au moyen d'un « raythéon », les ondu- 
lations du courant étant adoucies par un filtre. 
Un raythéon alimente la cellule, un autre les 
plaques des lampes. | 

Les filaments des lampes sont également 
alimentés par le secteur alternatif, dont le cou- 
rant est redressé par une soupape au tantale, 


(1) Pour amplifier le courant photoélectrique qui est trés 
faible, il convient en général d'utiliser une lampe bigrille 
qui fonctionne sous faible tension plaque. Ceci évite l'ioni- 


sation par choc des gaz restants et, par suite, la tendance: 


à la décharge de la grille par les ions positifs. Dans le 
cas actuel, avec le fort éclairement réalisé, une lampe 
ordinaire à trois électrodes peut convenir et a été employée 
parce qu'elle présente l'avantage d'éviter la batterie de piles 
qui serait nécessaire pour polariser la grille intérieure d'une 
lampe bigrille. 


une batterie d'accumulateurs de 4 volts étant 
placée comme batterie tampon. 11 - пе reste 
comme batterie de piles que la batterie de liaison 
entre les deux étages de lampes, batterie qui 
ne débite pas et ne nécessite aucun entretien. 

La lampe qui éclaire la cellule est également 
alimentée par le secteur alternatif. 

La tension du secteur étant variable, l'inten- 
sité lumineuse de la lampe, ainsi que le potentiel 
accélérateur de la cellule, sont suceptibles de 
varier. Il en résulte une variation possible de 
l'impulsion et par suite de l'amplitude du 
balancier auto-entretenu. 

Pour remédier à cet inconvénient, la lampe 
qui alimente la bobine d'entretien de ce pendule 
est trés peu chauffée. Les variations de tension 
aux bornes de la grille conduisent dans ces 
conditions le courant plaque dans la région de 
saturation. Le chauffage du filament de la 


lampe amplificatrice a été choisi de telle sorte 


que des chutes méme importantes de tension 
du secteur permettent encore au courant photo- 
électrique d'amener le courant plaque de la 
lampe dans la région de saturation (1). 

L'amplitude du balancier est trés faible, de 
l'ordre de 3°, de façon à réduire au minimum 
les variations de période dues aux variations 
d'amplitude. 

Pour exécuter des mesures avec cet ensemble, 
nous avons employé le dispositif déjà mentionné - 
plus haut et comportant un enregistrement avec 
oscillographe ABRAHAM sur un appareil à noir 
de fumée, un diapason étant enregistré en méme 
temps. 

Voici les résultats de quelques-unes de ces 
mesures : 

L'ensemble ayant été mis en marche à 
8 heures du matin, le premier enregistrement 
a été effectué à 9 heures du matin, le second 
à 16 heures. 

10 tops consécutifs ont été relevés chaque 
fois. 


Enregistrement de 9 heures. — Durée moyen- 
ne de la période du pendule en fonction de la 
période du diapason : 

49,972 périodes par seconde. 

(1) D'autre part la tension des grilles des lampes de l'ampli- 


ficateur à courant continu est réglée de facon que leur courant 
plaque soit nul lorsque la cellule n'est pas éclairée. 
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Écart relatif de la période mesurée 


Numéro des secondes. par rapport à la période moyenne 


| ~ —4 
2. + 8 
3 — 8 
4 oe à 
5 +4 
6 23] 
7 + 4 
8 +1 
D И ee "E 
10 mx ox xu x 0 
Enregistrement de 16 heures. — Durée 


moyenne de la période en fonction de la période 
du diapason : 

49,98 périodes (la température avait légère- 
ment varié). 


Numéro des secondes. Ecart en dix-millièmes de seconde. 
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Ces résultats montrent bien qu'on peut consi- 
dérer le pendule auto-entretenu comme donnant 
des oscillations constantes de période constante 
à moins de 1 milliéme de seconde prés. La pré- 
cision est méme peut-étre plus grande, car avec 
le procédé d'enregistrement au noir de fumée, 
le millième est tout ce qu'on peut garantir, еп 
raison de l'épaisseur du trait, du frottement 
du style, etc., malgré toutes les précautions 
prises dans le relevé des bandes, et il convient 
de ne pas perdre de vue que les nombres expri- 
més en dix-nullièmes que nous avons donnés 
ne sont là que parce qu'ils résultent des mesures 
effectuées mais n'ont en réalité aucune valeur 
réelle. 

La marche du pendule s'est montrée trés 
réguliére. On a enregistré simultanément les 
battements de la pendule directrice de l'Obser- 
vatoire et du pendule auto-entretenu pendant 
deux minutes au commencement et à la fin d'un 
méme quart d'heure. On pouvait ainsi déduire 
la durée de la période du pendule auto-entretenu 
en fonction de la période de la directrice en 
faisant porter les mesures sur 900 secondes. 

Une premiére mesure donnait pour le pendule 


exprimée en dix-milliemes de seconde. 


auto-entretenu une période trop courte de 
7/100.000'. Une deuxiéme mesure effectuée 
3 heures aprés donnait la valeur de 8/100.000*. 

Toutefois il importe de remarquer que ces 
mesures ont été effectuées à des instants de la 
journée oü les variations du secteur électrique 
d'alimentation étaient relativement faibles, ce 
qui n'a pas lieu la nuit et à la tombée du jour 
et à ce moment malgré les précautions prises 
on ne peut répondre d'obtenir la méme régula- 
rité. Il ne semble donc pas qu'on puisse à l'heure 
actuelle au moyen de l'appareil tel qu'il a été 
utilisé avec l'alimentation avec le courant du 
secteur d'éclairage, constituer un garde-temps 
conservant avec certitude le 1/100* de seconde 


aprés vingt-quatre heures de fonctionnement. 


Toutefois avec une alimentation électrique 
n'ayant que de faibles variations, ce résultat 
pourrait étre largement atteint et méme dépassé. 
Il conviendra toujours en tous cas, lorsqu'on 
aura utilisé le pendule auto-entretenu, de le 
comparer aussi rapidement que possible à la 
pendule directrice pour déterminer sa période. 
Le pendule auto-entretenu, dont la période 
a été trés exactement déterminée, se préte parti- 
culiérement bien à la détermination de la fré- 
quence des diapasons qui sont ensuite employés 
pour la mesure des fréquences, en faisant usage 
du multivibrateur Abraham ou d'autres dispo- 
sitifs. | 
Emissions de signaux radiotélégraphiques : 
horaires. — Pour comparer avec précision les 
signaux radiotélégraphiques horaires rythmés, 
appelés aussi signaux scientifiques, aux batte- 
ments de la pendule astronomique locale, il est 
évidemment nécessaire que ces signaux soient 
émis avec une parfaite régularité, c'est-à-dire 
soient également espacés. Il n'en est malheu- 
reusement pas ainsi pour le moment car les 
pendules qui commandent ces signaux ont les 
irrégularités dues aux rouages et qui ont été 
signalées et discutées plus haut. | 
L'emploi du pendule auto-entretenu a permis, 
au cours d'essais faits à l'Observatoire de Paris, 


de faire disparaitre ce défaut et d'obtenir une 


émission de signaux dont l'espacement est 
constant à moins d'un millième prés. 11 suffit 
pour cela d'intercaler dans le circuit plaque de 
la deuxiéme lampe du dispositif de la figure 4 
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les enroulements des relais BAUDOT qui, de 
l'Observatoire de Paris, commandent les postes 
radio-télégraphiques de la Tour EIFFEL, d'Issv 
et de BORDEAUX LAFAYETTE, pour faire émettre 
par ceux-ci des signaux commandés par le 
pendule auto-entretenu. Toutefois certaines dif- 
ficultés nouvelles se présentent alors : Tout 
d'abord le pendule auto-entretenu doit donner 
61 battements par minute. De ce cóté, il n'y a 
pas de difficultés, c'est une question de réglage 
du balancier. 


Le premier des signaux doit en outre étre 
émis, aussi exactement que possible, à une 
minute ronde. 11 faut donc que le pendule auto- 
entretenu donnant 61 battements par seconde, 
soit maintenu exactement à l'heure de la pendule 
garde-temps moyen de l'Observatoire, ou plutót 
que chaque groupe de 61 battements du pendule 
auto-entretenu commence à l'instant de la pre- 
miére seconde de chacune des minutes du garde- 
temps, pendant toute l'émission des signaux. 

Voici comment on y arrive. Toute la journée, 
sauf au moment des battements, le pendule 
auto-entretenu est synchronisé par la pendule 
garde-temps moyen, en substituant à son cou- 
rant d'entretien photoélectrique, le courant 
fourni par le garde-temps moyen. Toutefois ce 
courant ne doit étre envoyé dans la bobine du 
pendule auto-entretenu qu'une fois par minute, 
à l'instant de la première seconde de chaque 
minute du garde-temps, puisque celui-ci donne 
60 battements par minute de temps moyen 
tandis que le pendule auto-entretenu donne 
61 battements pendant le méme intervalle de 
temps. 

Cinq minutes avant l'émission des signaux 
horaires, on supprime la synchronisation du 
pendule auto-entretenu par la pendule garde- 
temps moyen, et l'on met en route le dispositif 
d'entretien photoélectrique. Puis dans la seconde 
qui précéde la minute, on ferme le circuit qui 
fait agir le courant photoélectrique sur les relais 
BAUDOT commandant les émissions radiotélé- 
graphiques. 

Dans ces conditions, on a pu constater que le 
premier signal horaire était émis moins de 1/10 
de seconde aprés la minute ronde de temps 
moyen, ce qui est suffisant pour les besoins de 
Ja pratique. L'heure exacte de ce premier signal 
est d'ailleurs donnée par la suite par le Bulletin 


du Bureau International de l'Heure pour les 
observateurs qui ont besoin d'une plus grande 
précision. 

On peut se demander si les divers relais inter- 
calés entre l'Observatoire de Paris et les postes 
d'émission, n'occasionnant pas des irrégularités 
dans les émissions, par suite du retard qu'ils 
apportent, retard qui pourrait étre variable. 
Pour le vérifier, nous avons enregistré pendant 
cinq minutes à l'Observatoire de Paris sur la 
méme bande à la fois les courants photo- 
électriques du pendule auto-entretenu et les 
signaux radiotélégraphiques, et nous avons 
mesuré le retard entre les deux enregistrements, 
au début et à la fin de la série de signaux. 

Les résultats obtenus sont les suivants : 


Enregistrement du début : 

Différence entre la retard moyen 
et [6 retard individuel 

en dix-mliliàmes de seconde. 


Numéro du top. 
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Enregistrement de la fin : 


л Ф о N — 
| 
o 


D'autre part, les deux valeurs moyennes ne 
différaient que de 1/10.000 c'est-à-dire d'une 
quantité inférieure à la précision des mesures. 

Ces résultats montrent donc que le dispo- 
sitif envisagé permettra d'émettre des signaux 
dont l'espacement sera constant à moins d'un 
millième de seconde prés. Ce dispositif sera 
mis prochainement en service à l'Observatoire 
de Paris. 


Détermination de l'heure. -— Nous ne men- 


tionnerons que pour mémoire une autre applica- 


tion des cellules photoélectriques à l'astronomie 
de position, et par suite à la mesure du temps : 
la détermination des instants du passage des 
étoiles au méridien. Cette utilisation a fait 
l'objet d'une publication dans les Proceedings 
of the Institution of Electrical Engineers, t. ХИП, 
n° 4, août 1925, p. 461. 


Etude de la gravité. — Signalons également 
qu'il est aisé de créer un dispositif analogue à 
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celui de la pendule de la cave de l'Observatoire 
de Paris (fig. 1 et 2), mais beaucoup simplifié, 
pour mesurer la période d'un pendule libre 
établi pour déterminer l'intensité de la pesan- 
teur (fig. 5). 
. Nous devons mentionner que divers expéri- 
mentateurs ont également essayé d'utiliser des 
cellules photoélectriques combinées aux lampes 
à plusieurs électrodes pour des buts identiques 
. à ceux que nous poursuivons depuis 1922 et 
que nous avons atteints depuis 1925. 

QUAYLE, au « Bureau of Standards » pour 
l'étude des diapasons, a utilisé comme indica- 
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Fic. 5. — Dispositif d'enregistrement photo-électrique 
pour pendule géodésique. 
teur de temps un pendule libre portant un miroir 
réfléchissant un rayon lumineux venant action- 
ner une cellule photoélectrique (1). 

De méme GOULD, au « Bureau of Stan- 
dards », aurait cherché récemment à com- 
mander l'émission de signaux horaires par un 
pendule libre actionnant une cellule sensible à 
Ла lumière. 

Dans les laboratoires de la BELL C", il aurait 
également été réalisé en 1926 un pendule auto- 
entretenu par l'action d'un rayon lumineux. 
Le mode opératoire était un peu différent de 
celui que nous avions indiqué. Le courant photo- 
électrique provoquait la fermeture d'un relais 
ct celui-ci fermait sur la bobine excitatrice de 
la pendule le circuit d'une pile. 

L'action photoélectrique remplacait donc uni- 
quement l'ensemble cliquet roue dentée utilisé 
habituellement. 


(1) Journal of the Franklin [nstitute, mars 1927, p. 407. 


Precision Determination of Frequency, 


by J. W. HORTON and W. A. MARRISON, 
Bell Telephone Laboratories, New York (N. Y., U. S. A.) 


When we speak of the frequency of a wave 
or, in fact, when we use the word frequency 
in any connection, we mean, in general, the 
number ‘of times a periodic occurence takes 
place within a given interval of time. Conse- 
quently the frequency of a recurrent phe- 
nomenon is the reciprocal of the time interval 
required for the variation to pass through one 
cycle provided the duration of any given cycle 
is identical with that of any other, or, in other 
words, that the variation has a constant fre- 
quency. Since, therefore, frequency may be 
expressed completely in terms of time, it is 
neither necessary nor desirable to have any 
fundamental standard of frequency other than 
the accepted standard time interval. 


The present standard of time is, of course, 
the sidereal day, which is the time required for 
the earth to make one complete revolution in 
space. А succession of sidereal days, therefore, 
constitutes a recurrent phenomenon the duration 
of any cycle of which is, by definition, equal 
in time to the duration of any other cycle. In 
other words, the variation has the essential 
characteristics required of a standard of fre- 
quency. The mean solar day, in terms of which 
all measurements of time are expressed, must 
be considered as a practical standard the deter- 
mination of which is made in terms of the 
sidereal day. | 

There is a unique: difference between a 
standard of time — or frequency — and 
standards of most other quantities. For example, 
the standard unit of mass or the standard unit 
of length may be given physical embodiments 
and may be put in a safe where their identity 
will be preserved over extended periods. Unlike 
a mass or a length, an interval of time cannot 
of itself be preserved nor can it readily be given 
a physical embodiment which by virtue of its 
great constancy may be used as a fundamental 
standard. At present, therefore, all precision 
measurements of time must be referred directly 
to the rate of the earth's rotation. 

Having once concluded that the fundamental 
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standard of time is, ex officio, the fundamental 
standard of frequency, there remains simply 
the problem of comparing the rate of any 
periodic variation which is to be measured with 
the rate of the earth's rotation. 

lf there were available only the periodic 
phenomenon of unknown rate and the intervals 
defined by the earth's rotation, it would be 
necessary that the unknown phenomenon main- 
tain its rate unchanged throughout an entire 
interval covered by one rotation of the earth. 
In this case the measurement would consist in 
counting the number of times the unknown 
variation repeated itself during the interval. 
Due, however, to the availability of means for 
accurately defining time intervals less than the 
sidereal day to the required precision, it is, of 
course, unnecessary to maintain the rate of the 
variation to be measured over the longer inter- 
val. When we recognize that any means used 
for evaluating the time of short intervals is 
itself executing periodic variations of equal 
duration, we realize that it is a secondary 
standard of frequency as well as a secondary 
standard of time. Thus the Riefler clocks at the 
National Bureau of Standards and at the United 
States Naval Observatory become our most 
practical working standards of frequency (1). 
In terms of the oscillations of their pendulums 
their frequency may be said to be unity when 
referred to the second. 

A secondary standard such as a high grade 
seconds pendulum is unsuited to the actual 
determination of the frequency of such varia- 
tions as are of interest in electrical communi- 
cation, both because of the excessively high 
ratio between the rates of the occurrences to be 
compared and because, in its usual form, the 
motion of a clock pendulum is not well suited 
for comparison with electrical variations. It is 
desirable, therefore, as the first step in the 
precision measurement of the frequencies of 
electric waves, to provide a suitable reference 
standard. The requirements of such a standard 
are that its rate should be of the same order of 
magnitude as the rates to be measured, that the 


(1) This, of course, applies to the United States only; but 
a similar statement may be made of any national reference 
standard of time. 


form of the variation which it controls should 
be suitable for convenient comparison with the 
variations to be measured, and, finally, that its 
rate shall be sufficiently constant so that the 
total number of variations which it executes in 
a time of such duration that it may be defined 
with high precision may be taken as the rate of 
the variation over shorter intervals of time. This 
last requirement again emphasizes the inherent 
similarity between secondary standards of fre- 
quency and secondary standards of time. For 
convenience, it should also be possible to adjust 
the rate of the frequency standard to some 
prescribed value within such limits that the 
error may be neglected in the majority of 
measurements. 


Original equipment. — А secondary standard 
having the characteristics mentioned above was 
described several years ago by the authors 
of the present paper in collaboration with 
Mr. N. H. Ricker. This standard consists of a 
100 cycle tuning fork maintained in vibration by 
an amplifier regeneratively connected through 
the fork by electromagnetic coupling. Means 
are provided for obtaining from the electrical 
portion of the resulting oscillating system a 
sinusoidal alternating current the frequency of 
which is constant to high precision. Standards 
of this general type are becoming extensively 
used, as will be seen by referring to the biblio- 
graphy. А brief survey of the present status 
of this 100 cycle standard is of interest not 
only because of the improvement in its perfor- 
mance since the original report was presented, 
but also because the experience which has been 
gained from its use has been of value in the 
development of standards of still greater utility. 


The fork which was described in the paper 
already referred to ran continuously from April, 
1923 to May, 1927 except for four intervals 
totalling about three days. Of these inter- 
ruptions two were from accidental causes and 
two for the purpose of making minor changes 
in the system. Throughout this entire period the 
temperature of the fork, as maintained by its 
thermostatically controlled water bath, was held 
at approximately the value for which its rate is 
100 cycles. Since the temperature coefficient of 
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frequency for the particular fork in question 
is 0.0109 per cent per degree Centigrade, it is 
necessary to keep the temperature to within 
0.01* C of the prescribed value in order that 
the rate shall be correct to one part in a million. 
It has been found that the temperature coef- 
ficient, instead of being a detriment, has fur- 
nished an excellent means for adjusting the 
frequency, making possible small changes the 
amounts of which may be accurately predeter- 
mined. During the four years of operation, the 
change in the frequency of the entire system 
due to aging of the fork and to all other causes, 
as determined by the change in the temperature 
— indicated by a Beekman thermometer — at 
which the rate is exactly 100 cycles, has been 
less than. 0.004 per cent. 


The synchronous motor described in the 
previous paper has been replaced by an 
improved form shown in Fig. 1. The original 
motor was coupled to the clock by means of a 
gear reduction driving a commutator, from 
which seconds impulses were supplied to a 
clock train having an electromagnetic stepping 
device. The present motor is geared directly to 
the clock train, thus completely avoiding errors 
due to the mechanism. In spite of the lack of 
confidence expressed by many people in the 
impulse type of synchronous motor, both of 
these mentioned have been found to give entirely 
satisfactory operation over long periods of time. 
In fact, the only occasions on which the motors 
have ever stopped in service have been those 
on which power was taken off some portion of 
the system. 


During tests on this frequency standard, it 
was found that it constituted a far more reliable 
timekeeper than the electrically maintained 
pendulum clock which was used to obtain the 
data already published. The pendulum clock 
was, therefore, dispensed with and all meas- 
urements of the rate of the fork are now made 
by direct comparison with the mean solar day 
as defined by the radio time signals sent out 
from the United States Naval Observatory. By 
means of its second hand, which is concentric 
with the hour and minute hands and which 
rotates uniformly, the daily error in the 
fork controiled clock may be determined to 


——— 


0.2 second, giving its average rate for the day 
to approximately three parts in one million. For 
greater accuracy there is provided, in the gear 
train between the motor and the clock, a shaft 
rotating once per second and operating a contact 
by means of a cam. Pulses from this contact 
may be recorded simultaneously with the radio 
time pulses on a moving paper tape by means 
of a two-element siphon recorder. From the 
record thus obtained, the error of the clock may 
be determined to 0.01 second, increasing the 
accuracy of the determination about 20 times. 
The data shown by the chart of Fig. 2 are 
typical of the performance of this system. On 
this chart the error in the clock reading is 
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Fic. 2. — Daily Error in Clock Controlled 
by 100 Cycle Frequency Standard. 


Mean Rate for Three Month Period : 
99.99991 Cycles. 

Average Deviation from Mean Rate : 
0.00016 Cycles. 

Maximum Deviation from Mean Rate : 
0.00067 Cycles. 


plotted against days. The rate is obtained from 
the slope of the curve; when it is straight the 
rate is constant; when it is horizontal the rate 
is exactly 100 cycles. Attention is called not 
only to the constancy of the rate, which at no 
time during the period covered by this record 
departed more than 0.0007 per cent from the 
mean rate, but also to the precision with which 
the system was adjusted to the desired absolute 
value. 

A method for the comparison of high fre- 
quencies with the 100 cycle standard is also 
outlined in the previous paper. This method 
involves the use of harmonic producers and of 
harmonic selecting networks. By repeated har- 
monic production and selection it is possible to 
obtain any multiple of the fundamental fre- 
quency to a limit determined by the care taken. 
Theoretically the process may be extended 


Union Internationale de Radiotélégraphie Scientifique 3! 


indefinitely, but practically there are difficulties 
in going beyond two or three stages. These 


difficulties arise from small irregularities in the , 


frequency or in the amplitude of the current in 
the initial stages of the system, all of which 
result in frequency irregularities in the final 
wave. While these may be entirely negligible 
in the wave in which they originate, they are 
enormously magnified in subsequent stages. 
With ordinary care it is feasible to obtain from 
the 100 cycle standard current a current having 
a frequency of 100,000 cycles per second or 
even higher. By the use of a cathode ray oscil- 
lograph, an independent oscillator may be 
adjusted so that its frequency is an exact 
multiple of the frequency of the current thus 
obtained. This process may be repeated by 
successive stages up to the limit of the oscil- 
lograph tube. 

The system, therefore, contains three essential 
elements : The regeneratively driven fork con- 
stitutes a source of alternating current, the fre- 
quency of which is 100 cycles to a very high 
precision. The synchronous motor and the gear 
train of the clock constitute a rate reducing 
mechanism having a ratio of approximately 
ten million to one. The harmonic producer 
system and the cathode ray oscillographs may 
be operated so as to increase the frequency in 
the ratio of several thousand to one. lt is, 
therefore, practicable by means of this system 
to determine the frequency of an electric wave, 
using the mean solar day as a standard, when 
the ratio between them does not exceed 
about 107". 


Present equipment. — At the time the 
development of the 100 cycle standard was 
undertaken, the frequency range over which 
measurements were required to high precision 
did not exceed several hundred thousand cycles 
per second. For this work the frequency chosen 
for the secondary standard was quite satisfac- 
tory. Since then, however, more and more 
attention has been given to the higher fre- 
quencies until it has become necessary to make 
measurements to a very high degree of accuracy 
up to several million cycles per second. Any 
appreciable increase in the frequency of the 
reference standard is obtained at the expense 


of an increase in. the ratio between its rate 
and the mean solar day. This is not particu- 
larly objectionable, however, since the com- 
parison between these two rates may be made 
with permanently adjusted apparatus designed 
expressly for this fixed ratio, whereas com- 
parisons between unknown rates and the 
reference standard must be made by carefully 
adjusting apparatus capable of working over 
a wide range of ratios. More important still, it 
has been found that the frequency of a given 
current can be controlled by a current of higher 
frequency with much greater stability than by 
a current of lower frequency. Because of these 
various factors, therefore, there is need for a 
standard of the general type just described but 
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Fic. 3. — Circuit of Oscillator for High Frequency 
Standard. 


having a fundamental frequency many times 
higher. Such a standard has been developed and 
some preliminary data as to its constancy of 
rate have been obtained. | 


The high frequency generator of this standard 
is a 50,000 cycle quartz crystal controlled 
oscillator having circuit elements and controls 
that give a high degree of stability. The circuit 
of this oscillator is shown in Fig. 3. It is of 
the Hartley type, differing from the usual form 
only in having a resonant piezo-electric crystal 
connected in the grid circuit. This type of 
circuit is used because it is convenient, by 
means of circuit adjustments, so to control 
the phase of the regenerative feedback that 
maximum stability is obtained. Being ап 
efficient oscillating circuit it also permits of 


. using the crystal loosely coupled to the electrical 


circuit, thus permitting full advantage to be 
taken of the very low decrement of the crystal. 
The crystal is adjusted by lapping so that 
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the frequency of the circuit controlled by it is 
50,000 cycles exactly at a given operating 
temperature. Minute corrections that are subse- 
quently required can be made by means of a 
small variable condenser in parallel with the 
crystal. 

The crystal controlled oscillator is coupled 


to two output circuits through vacuum tubes, 


having their grids in parallel, loosely coupled 
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to the tuning coil. In this way considerable 
output current at 50,000 cycles can be obtained 
with no possibility of reaction on the oscillator 
from external circuits. 

The three curves in Fig. 4 show the frequency 
stability of the oscillator under variations in 
filament current, plate voltage, and grid leak 
resistance. The departure from normal fre- 
quency in parts in a million is plotted against 
departure in per cent from normal filament 
current, plate voltage, and resistance. 

The variation with grid leak resistance is 
greatest, but due to the use of a special type 
of resistance that is expected not to vary as 
much as 0.1 per cent in service, the variations 
in frequency due to this source are negligible. 

The variation with battery voltage is the 
most serious factor, being in the same sense for 
both batteries. These voltages are controlled at 
present to about = 2 per cent, therefore varia- 
tions in frequency of about three parts in 
ten million may be expected due to them. Of 
course, as has been done in other cases, it is 
possible to compensate the circuit for variations 
in voltage so that any tendency for a change 


in frequency in one direction is offset by an 
equal and opposite tendency. 

The curves of Fig. 5 show the variations in 
frequency of the oscillator for changes in the 
condensers C, and C,. These curves show 
variations in frequency in parts in a million and 
are plotted, in the case of condenser C,, against 
dial settings, and in the case of condenser С,, 
against the capacity in micro-microfarads. Due 
to the linearity of the adjustment obtained by 
condenser C, it is possible to make predeter- 
mined minute changes in the operating fre- 
quency. The proper adjustment for condenser 
C, is very nearly that value for which the 
change in frequency with capacity is zero. 
Under this condition the small changes in the 
electrical circuit due to temperature variations 
have an entirely negligible effect on the fre- 
quency. 

The quartz crystal in its mounting is shown 
in Fig. 6. It vibrates in the direction of its 
length and is supported on a short piece of felt 
at the center in order to allow free vibration. 
It is held in place and separated from the plates 
by silk threads. The logarithmic decrement of 
this crystal in its mounting, the whole being 
measured as an electric circuit, is about 0.00012. 
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The conductor plates are made very rigid in 
order to keep the separation constant, since a 
variation in this spacing as small as 0.01 mm 
would cause an appreciable error in frequency. 
The temperature coefficient of frequency is 
about 0.00038 per cent per degree Centigrade, 
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requiring a control of temperature constant to 
within 0.025* C in order to keep variations due 
to temperature change alone within one part 
in ten million. Measurements on the effect of 
atmospheric pressure, covering the range from 
760 mm to very low pressures, show the fre- 
quency to be approximately a linear function 
of the pressure. For the particular crystal 
measüred, it was found that an increase in 
pressure of 140 mm caused a decrease in fre- 
quency of 0.001 per cent. 

The thermostat used at present to control 
the temperature of the crystal is shown in Fig.7. 
It consists of a steel cylinder with hollow walls 
filled with mercury which expands when heated 
into a capillary tube, as in a thermometer. А! 
a certain temperature contact is made on a 
pointed tungsten wire (not shown) which 
operates a mechanism for changing the rate of 
heating applied through a resistance coil wound 
on the outside of the steel cylinder. The crystal 
is mounted within the cylinder and the whole 
device is enclosed in a balsa-wood box for heat 
insulation. By means of this arrangement the 
temperature at a point within the cylinder may 
be kept at a prescribed value over long periods. 

It is of interest to note that the temperature 
of the crystal when operating is not exactly 
that of the space surrounding it because some 
energy is dissipated within the crystal. For this 
reason, since the dissipation varies at least as 
the square of the applied plate voltage, that 
voltage is kept at a low value. The resistance, 
R, in the circuit of Fig. 3 is for this purpose. 

The vacuum tube circuit of the oscillator with 
the crystal and temperature control apparatus 
is shown in the photograph Fig. 8. This whole 
circuit is mounted in a closed cabinet which 
itself is temperature controlled by a commercial 
thermo-regulator. 

An important element of this new frequency 
standard is the submultiple frequency generator 
which is used as the first element of the system 
for comparing the rate of the crystal controlled 
oscillator with the time standard. This sub- 
multiple producer consists of an oscillator for 
generating the low frequency, a harmonic 
producer for obtaining a harmonic of the low 


frequency which corresponds to the high fre- 


quency by which it is controlled, and a modu- 
lator from which is obtained a direct current 
the amplitude of which is a function of the 
phase relation between the controlling high 
frequency current and the harmonic of tlie 
controlled low frequency current. The action o: 
the direct current on a control element in the 
low frequency oscillator maintains the frequency 
at such a value that the current from the har- 
monic producer has exactly the same frequency 


as that from the standard oscillator. Fig. 9 


shows the circuit arrangement. The tubes, from 
the left, are associated with the modulator, the 
oscillator, the harmonic producer and an output 
amplifier, respectively. | 

The control device consists of a.core of 
magnetic material having two windings, one in 
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Fic. 9. -- Submultiple Controlled Frequency Generator. 
the oscillating circuit proper and one in the 


plate circuit of the modulator tube. This coil 
is designed so that a variation in the direct 


current output of the modulator causes a varia- 


tion in the inductance of the winding in the 
oscillating circuit by virtue of the magnetic 
saturation of the core. 

In operating, the low frequency oscillator is 
adjusted so that the frequency is exactly some 
submultiple of the control frequency when the 
direct current into the control coil has a certain 
mean value. If, then, anything occurs that tends 
to change the low frequency, the resulting 
phase shift between the harmonic and the 
control current instantly causes a change in the 
direct current in the control coil that opposes 
that tendency. The result is that, in spite of 
large variations in the low frequency circuit, 
the frequency is maintained at an exact sub- 
multiple of the high frequency control, the only 
variation being a slight shift in phase with 
respect to the control current. 

With a circuit operating in this fashion it is 
possible to control a current so that its fre- 
quency shall be maintained in an exact integral 
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relationship to that of some other current, even 
when the latter is many times higher. À ratio 
of 50 to 1 may be readily secured with moderate 
care. It would thus be entirely feasible to secure, 
by repeated stages, a current having a frequency 


which was exactly one five-hundredth the . 


frequency of the 50,000 cycle standard, or 
100 cycles. This current could then be used 
to run the synchronous motor of the clock 
previously described. Actually it has been found 
advantageous to secure a current having a 
frequency one-tenth that of the standard and 
to use this current to operate a 5,000 cycle 
synchronous motor. 

This high frequency synchronous motor 
operates on the output of a single 5 watt tube. 
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Fic. 10. — Sectional View of 5,000 Cycle 
Synchronous Motor. 


The rotor is mounted on a vertical steel shaft 


running on a single steel ball under oil. The · 


motor is mounted under a bell jar and is 
operated in partial vacuum in order to reduce 
friction losses and to keep the bearings clean. 
It takes more than half an hour for the motor 
to come to rest from full speed when it is 
disconnected from the source of power. 

The rotor is a flat disc having 100 teeth 
miled on one side for poles and having an 
annular recess in the upper side for the mercury 
used to prevent hunting. The stator consists of 
100 U-shaped pieces of silicon steel arranged 
in radial planes equally spaced around the axis. 
These form a ring of the same outside diameter 
as the rotor, and having an annular space in 
which is located a coil for magnetizing all the 
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poles in parallel. А single U-shaped piece and 
a single fin on the rotor constitute one magnetic 
circuit around the coil. By this construction the 
minimum magnetic material is used and it is 
possible to laminate properly every part. Coils 
can be wound to match the electrical impedance 
of any suitable vacuum tube and can be ex- 
changed easily. The spacing between the rotor 
and stator can be altered for any special case 
by adjusting the lower bearing. Figs. 10 and 11 
show a sectional drawing and a photograph of 
the assembled motor. 

The coil of the motor is connected in the 
plate circuit of the tube used to drive it so that 
both alternating and direct current flow in the 
winding. This produces 5,000 magnetic pulses 
per second instead of 10,000 as would be the 
case if alternating current alone were used. 
Thus the rotor moves one pole per complete 
cycle and revolves at 50 revolutions per second. 


Maximum power is obtained in the motor if 
its impedance is conjugate to the impedance of 
the output circuit of the amplifier. The internal 
output impedance of a tube is nearly pure 
resistance, so the reactive component of the 
motor impedance is balanced by a series con- 
denser between the motor winding and the 
filament. The space current is supplied through 
a choke coil connected to the junction of the 
motor winding and the condenser. А somewhat 
better arrangement would be to resonate the 
motor winding by a parallel connected condenser 
and to connect the plate battery at a tap in the 
winding. In this way the choke coil can be 


. dispensed with and the ratio of alternating to 


direct current in the winding can be adjusted 
so that the resultant goes to zero once during 
each cycle. At the same time the impedance of 
the tube can be matched exactly, as required 
for maximum power transfer. 

It would be a simple matter to arrange a gear 
train so that this motor might operate the clock 
mechanism directly. Since, however, there were 
already available clocks designed to operate on 
a 100 cycle current, it was thought to be simpler 
to use these as they were. Consequently, the 
high frequency motor drives a small generator, 
the two-pole rotor of which is mounted on the 
same shaft. Since the speed of the motor is 
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50 r. p. s., and since the generator is of the 
inductor type, the generated frequency is 
100 cycles — or exactly 1/500th of the original 
high frequency. The output of this generator 
is amplified by a single vacuum tube which 
supplies sufficient power to operate the motor 
of the 100 cycle clock, the rate of which, there 
fore, is an accurate measure of the frequency 
of the 50,000 cycle oscillator. 

In the design of the electrical circuits, 
provision is made for supplying power from 
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Fic. 12. — кя = in Nuls Frequency 
of 50 Kilocycle Standard. 


multiple amplifiers at 50,000, 5,000 and 100 
cycles, which frequencies are in exact harmonic 
relation. These are available continuously for 
making frequency comparisons in the three 
ranges. 

In addition to this provision, circuits have 
been built that permit the control of any fre- 
quency which is a multiple or submultiple up 
to the tenth order of any one of the three original 
frequencies. Also, many fractional multiples 


may be thus controlled. This considerably | 


extends the usefulness of the new standard 
since it is possible to deliver alternating cur- 
rent at constant frequency over a range from 
10 cycles to 500,000 cycles per second. These 
frequencies are not only constant but are known 
to the same accuracy as the 50,000 cycle 
control frequency, being some predetermined 
exact rational multiple or fraction of that fre- 
quency. 

Because of the ho time during which this 
standard has been in operation, and because 


of numerous interruptions for the purpose of 
making slight modifications, data covering a 
long continuous run are not available. Meas- 
urements made over several brief periods are, 
however, of interest as they indicate the per- 
formance which may be expected from the 
system. Fig. 12 gives the results of two brief 
runs. On this chart each point represents the 
deviation of the average rate for a single 
twenty-four hour interval from the mean rate 
for the entire period. It is probable that varia- 
tions in atmospheric pressure were responsible 
to a considerable extent for the variations in 
frequency. It is obviously desirable to provide 
means whereby the crystal may be operated 
under constant pressure as well as constant 
temperature. 

The above data indicate a high degree of 
constancy of the average frequency of this 
standard over long time intervals. In view of 
the very great ratio between the rate of the 
standard and the mean solar day, it is desirable 
to obtain additional checks as to the constancy 
of frequency over shorter time intervals. For 
this purpose a second oscillator, similar to that 
already described, was adjusted to approxi- 
mately the same frequency, the actual difference 
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Fic. 13. — Relative Variation in Frequency 
of Similar Crystal Controlled Oscillators. 


being 0.2 cycles per second. Data taken by 
measuring the duration of ten consecutive 
periods at half-hour intervals show the relative 
variations. The results of these measurements 
are given in Fig. 13. Each point represents 
the difference between the ratio of the rates for 
any one interval from the average ratio of the 
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rates for the entire two-hour interval. It will be 
noticed that for some of the runs, particularly 
that made at three o'clock, the ratio of the rates 
remains practically constant. At other times, 
however, as at two-thirty and three-thirty, there 
is a marked periodicity to the variation. This 
may be accounted for in terms of temperature 
variation; the periodicity of the variation is 
practically the same as that of the operation of 
the thermostats. Whenever the two thermostats 
are operated out of phase, there is a noticeable 
change in the ratio of the rates; whenever they 
are operated in phase, their rates remain 
practically constant. 

In view of the fact that the accuracy to 
which a frequency may be defined depends on 
its constancy, on the precision of comparing 
its rate with the rate of the earth's rotation, and 
on the accuracy to which the latter rate can be 
determined, it seems reasonable, in view of the 
above data, to expect that in the near future 
it will be possible to define a frequency at any 
instant to an absolute accuracy of at least one 
part in ten million. 

lt has not been unusual to determine fre- 
quency in terms of some other quantity such 
as the acceleration due to gravity, the velocity 
of light, or the product of inductance and 
capacity. These are, of course, indirect meas- 
urements because each of the other quantities 
must first be defined in terms of time. In view 
of the present accuracy obtainable in the meas- 
urement of .frequency, however, it is now 
possible to invert the procedure and measure 
some of these other physical quantities in terms 
of frequency with an accuracy heretofore unat- 


tainable. 
November 16, 1927. 
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lonization іп the upper atmosphere (1), 


by E. O. HULBURT, 
Naval Research Laboratory, Washington (D. C., U. S. A) 


The more important agencies which may 
conceivably cause the ionization of the upper 
atmosphere of the earth are the ultra-violet 
light, a and 8 particles, all of solar origin, the 
penetrating radiation of cosmic origin, and the 
ionizing radiations from terrestrial sources. The 
last mentioned may perhaps be ruled out imme- 
diately because of the fact that the conductivity 
of the lower atmospheric strata increases rapidly 
with the height for the first few kilometers. The 
possible effects of these ionizing agencies have 
been considered in papers by Chapman and 
Milne, Benndorf, Elias, Lassen and others. 
Recently experiments with the electromagnetic 
waves of wireless telegraphy together with 
theories of the propagation of these waves over 
the surface of the earth have lead to information 
about the ionization in the upper atmosphere 
more definite than hitherto obtainable, and it 


(1) Abstract of a paper read at the open meeting of the 
U. R. S. I. at Washington, D. C., October, 1927. 


has been of interest to examine again the causes 
of the ionization. 

The experiments of Breit and Tuve with 
70 meter waves, of Appleton with 400 meter 
waves, of Heising with 57 and 111 meter waves, 
of Wagner and Quack with 15 and 16 meter 
waves, of Hollingsworth and Eckerslay with 
long waves, and the experiments of Taylor on 
the skip distances of waves below 50 meters and 
the theoretical considerations of Taylor and 
Hulburt on these skip. distances, show that the 
electron density N increases with the height Z 
above the earth reaching a value of about 
4 X 10°; above the height where N has this 
value the electron density is not known except 
that it does not go on increasing. Although the 
wireless data are none too extensive it may be 
taken that in the day-time (for the North 
Temperate Zone) the height where N is of the 
order 10? is roughly 150 kilometers, and where 
N is 10? is about 60 kilometers. 


Because of the diurnal variation in the 
ionization we choose the ultra-violet light of the 
sun as being the ionizing agency deserving first 
consideration. In order to make an explicit 
calculation of the ionization the temperature, 
the pressure, and the constituent gases and 
their partial pressures must be known at each 
height in the upper atmosphere. These we may 
take as given completely in the classical thermo- 
dynamic isothermal equilibrium theory of 
Humphreys, Jeans and others. There is a 
question as to the existerice of hydrogen in the 
upper atmosphere, but the conclusions given 
later are much the same whether hydrogen is 


. there or not. The law of the recombination of 


the electrons with the positive ions must be 
known. For this we have J. J. Thomson's theory 
of recombination, and complete formulas are 
available. We must also recognize the possibility 
of the electron attaching itself to a neutral 
molecule, for when it does this, thereby produ- 
cing a negative ion, it is no longer an energetic 
refractor of the wireless rays. The oxygen 
molecule is the only important one in this 
connection, and the values of the attachment 
coefficient measured in the laboratorv for 
pressures of 10 mm. of mercury and above must 
be extrapolated to pressures below 107" mm., 
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perhaps a questionable extrapolation. The diffu- 
sion of the electrons and ions must be con- 
sidered, this is a very important influence. 
Using all these things it is concluded that the 
solar ultra-violet light is a necessary and suf- 


ficient cause of the Kennelly-Heaviside layer, | 


and that hypotheses of other agencies of ioniza- 
tion, such as charged particles from the sun, 
penetrating radiation, etc., are uncalled for 
except perhaps in unusual cases. Assuming the 
solar ultra-violet energy to be that of a black 
body at 6000" К and using known, or estimated, 
absorption coefficients of the atmospheric gases 
for ultra-violet waves below %1300A_ which 
cause photo-electric ionization, the electron 
curve for the sun overhead, i.e. for high noon in 
summer in the temperate zone, has a maximum 
of 3 x 10° electrons per ст“ at a height of 
190 km. Below this the ionization can not be 
calculated exactly, because of the lack of many 
facts which future laboratory experiments may 
supply, but a density of 10* to 10° electrons 
per ст“, or 10? to 10'? ions per cm? (or a 
suitable mixture of ions and electrons) seems 
possible down to, say, 100 km. This ionization 
is shown to explain quantitatively many facts 
of wireless telegraphy, i.e., the skip distances, 
overhead absorption coefficients, limiting waves, 
ranges and the apparent heights reached by 
the waves. Taking into account the seasonal 
changes in the upper atmospheric pressures 
and the altitude of the sun, the electron layer 


for winter noon is found to have a maximum . 


of 1.42 X 10? at a height 147 km, and the 


ionization below this is less than the summer _ 


values by a factor of 2 or so. After sunset the 
maximum ionization is found to decrease by a 
factor of about 6 in the small hours of the 
morning; below the maximum the decrease is 
greater. These seasonal and diurnal changes in 
the ionization are shown to be in agreement 
with the corresponding variations in wireless 
wave propagation phenomena. 

The potential energy of the daytime ioniza- 
tion in a 1 cm’ column of the atmosphere is 
found to be at least 1 erg and the assumption 
that less than 1 7, of this is liberated as light 
will account for the light of the night sky, or 
the non-polar aurora, as Rayleigh calls it. Due 
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to diffusion of the ions along the lines of 
magnetic force the upper ionic spray of the 
ionized layer diffuses to the magnetic poles, 
concentrates there and causes the aurora. 
Calculation indicates that the ozone of the 
atmosphere is perhaps not directly connected 
with the foregoing ionization, but is formed 
by longer wave-lengths of ultra-violet light 
from 71300 to 18004. 
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An automatic recorder for 


measuring the strength of radio signals. 


and atmospheric disturbances, 
| by E. B. JUDSON, 


Laboratory for Special Radio Transmission Research, 
Bureau of Standards, 
Washington (D. C., U. S. A) 


The recording system described was design- 
ed for the purpose of obtaining knowledge of 
the behavior of radio signals over considerable 
periods without the presence of an observer. 
With the apparatus used it is possible to obtain 
hourly observations of the field strength of 
several stations and atmospheric disturbances 
throughout the twenty-four hours. 

The entire apparatus is controlled by a clock, 
which, at different five-minute periods during 
the hour actuates a series of relays automati- 
cally turning on the receiving set and amplifiers 
and tuning to the desired stations. 

Figure 1 shows the schematic diagram of 
the circuit and figure 2 shows the arrangement 
cf the apparatus. 

The receiving set is of the conventional auto- 
dyne type with two tuned circuits having a 
tuning range from 60 kc. (5,000 m.) to 12,0 kc. 
(25,000 m.). Two antennae are used, one having 
an effective height of 16 meters for reception 
of transatlantic stations and atmospheric distur- 
bances, while the other having an effective 
height of 1"5 is used for nearby American 
stations. 

In order to insure greater constancy of 
sensitivity, only audio-frequency amplification 
is used. This consists of two stages of trans- 
former coupling followed by four stages of 
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resistance-capacity coupling. With this arrange- 
ment, as long as all the filament currents 
remain constant and the plate voltages do not 
change the system retains its calibration with 
sufficient accuracy (within 10°/,) over periods 
of several months. 

The last audio-frequency bte is coupled 
to a rectifier circuit, containing the recording 
galvanometer, through an air core audio-fre- 
quency transformer. А three-electrode tube 
having the plate and grid connected is used for 
rectification. Generally, tubes used in this 
manner give a slight galvanometer deflection, 


when no signal is present, due to the initial 
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velocity of the electrons. This current, however, 
can be balanced out by a reversed E. M. F. 
across the galvanometer if it is comparable to 
the current received from signals. 

Records of the variation of signals and 
atmospherics are made with a Cambridge-Paul 
Thread Recorder. 

This instrument is essentially a sensitive 
recording galvanometer having a moving coil 
arranged to give a series of instantaneous 
records of the galvanometer deflections. The 
moving coil of the galvanometer has attached 
to it a pointer which overhangs the drum 
carrying the paper, while between the pointer 
and the drum an inked thread is stretched 
parallel to the axis of the drum at a short 
distance above its surface. А presser bar is 
situated above the galvanometer pointer which 


is normally held free of the pointer by a cam 
and its follower. At regular intervals the cam 
makes a half revolution, first allowing the 
presser bar to fall upon the pointer and imme- 
diately raising it to its normal position. As the 
presser bar falls it depresses the pointer on the 
drum nipping the inked thread between the 
pointer and the paper producing a dot on the 
paper, which makes a visible record of the 
deflection of the galvanometer at the moment. 
The drum of the recorder is arranged for two 
speeds, one giving a complete revolution in 
twenty-four hours and one giving a revolution 
every two hours for short time records. For 
the present purpose the twenty-four hour 
revolution is used. 

The clock controlling the entire system has 
its face plate equipped with twelve brass seg- 
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ments arranged in a circle, each segment 
representing five minutes. А spring on the end 
of the minute-hand makes an electrical con- 
nection with each segment as it passes over. 

The cam allows the presser bar to depress 
once every thirty seconds, making ten dots on 
the paper for one five-minute segment. 

For the present purpose, the first five-minute 
segment in the hour is connected so that when 
the minute-hand contact passes over it, a relay 
closes, turning on the receiving set, tuned to 
the station having the highest frequency of 
those to be measured. The amplifiers, the recti- 
fier tube and the presser bar control are 
switched on simultaneously by mearis of other 
relays. 

The following segments operate the same 
relays as the first, but are arranged to close 
other relays which connect parallel variable 
capacities across the primary and secondary 
tuning capacities of the receiving set. This 
allows the receiver to be tuned to other fre- 
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quencies effective only for a certain clock 
segment. 

The entire system is slightly sensitive to 
change of tone. The pitch of the signals being 
recorded is therefore set to 1,000 cycles by 
comparison with an electrically-driven 1,000- 
cycle tuning fork. А 30 ohm damping resistance 
across the galvanometer coil slows its period so 
that it is little affected by change of speed in 
transmission. Absolute calibration of the receiv- 
ing set is obtained from a radio-frequency 
oscillator feeding into the antenna circuit, while 
the amplifiers and rectifier may be checked at 
any time by connecting them to the output of 
the telephone comparator (1). 

The deflection-current curve of the salvato: 
meter is nearly straight over the usual range 
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of observations. Аз a protection against heavy 
atmospherics the deflection is limited just below 
full scale by limiting the output of the last 
amplifier tube. 

Continuous records of several stations and 
atmospheric disturbances have been made at 
the Laboratory for Special Radio Transmission 
Research of the Bureau of Standards since 
February, 1927. During the winter months 
when atmospheric disturbances were low, 
records were made of Lafayette (LY) and 
Rugby (GBR) along with Tuckerton (WGG) 
or Rocky Point (WSS). During the heavy 
static season, measurements were confined to 
four American stations, namely, two New 
Brunswick stations (WII and WRT), Rocky 
Point (WSS) and Marion (WSO), reception 
being on the small antenna. The large antenna, 
however, is used for reception of atmospheric 
disturbances. 

Figure 3 shows a typical Een: four hour 


(1) Proc. I. R. E., vol. 12, n? 5, p. 521; 1924. 


record of Lafayette (LY), Tuckerton (WGG) 
and atmospherics at 12 kc. (25,000 т.). 

In figure 4 are given typical twenty-four hour 
summer curves, of WSS, WRT, WII, WSO and 
atmospherics which show in the case of WSS 
and WSO an apparent interference of the 
reflected and direct waves during the night. 
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Experiences in Radio Compass 
Calibration, 


Abstract of paper by F. A. KOLSTER, 


Chief Research Engineer, Federal Telegraph С", 
Palo Alto (California, U. S. A.) 


е 


The radio compass is now generally accepted 
by the navigator as an accurate and important 
navigational instrument. Due to the fact that 
the radio compass, when installed on board 
ship, is necessarily located in the midst of a 
complicated metallic network in which currents 
are set up by the electromagnetic radiation 
from the signaling station, a calibration must 
be made in order that the proper correction may 
be applied to the observed bearing. 


Deviation from the true bearing is caused by 
the effects of the metallic mass of the ship and 
experience has shown that this deviation fol- 
lows very closelv a sine curve, assuming posi- 
tive values over the starboard bow and port 
quarter and negative values over the port bow 
and starboard quarter. 


Accuracy is dependent upon the permanency 
of the calibration and it is important, therefore, 
that the large conducting system, made up of 
masts, stays and rigging, remains the same at 
all times. Long stays should be thoroughly 
insulated to avoid large electrically closed loops 
and mast guys should be well bonded to the 
ship's hull to avoid varying electrical effects. 

This problem should be understood by naval 
architects and ship builders in order that proper 
consideration may be given to the rigging of 
ships from the point of view of the resulting 
effects upon the performance of the radio 
compass. 
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A theory of the upper atmosphere 
and meteors (1), 


by H. B. MARIS, 
Naval Research Laboratory, Washington (D. C., U. S. A.) 


The force of gravity acting on the atmosphere 
of the earth causes the heavier gases to settle 
downward and the lighter gases to rise to higher 
altitudes by diffusion and winds unhindered by 
diffusion would by convection keep the compo- 
sition of the air uniform at all elevations. The 
classical ideas of the change in atmospheric 
pressure with altitude (e. g. Humphrey, Jeans, 
Chapman and Milne, etc.) have been based on 
the assumption that convection is negligible, at 
least in the upper atmosphere, and that each 
gas was through diffusion in gravity equili- 
brium with its own partial pressure. Investiga- 
tion has shown, however, that diffusion is of 


importance only at elevations greater than 


100 kilometers. 

The ordinary equations of diffusion show at 
once that if the air were uniformly mixed at all 
altitudes and then left free from all convection 
currents, there would be a constant flow of 
lighter molecules upward and of heavier mole- 
cules downward, which would be independent 
of the altitude until a level was reached where 
the diffusing gas would be in gravity equili- 
brium. This « diffusion » level for hydrogen 
would move from infinity down to 142 kilo- 
meters in one day, at the end of five days it 
would be at a height of 127 kilometers and in 
50 days it would be at 113 kilometers. The 
corresponding levels for helium would be at 
137, 120 and 106 kilometers respectively. The 
new calculations give hydrogen and helium con- 
tents above 150 kilometers roughly 1/100,000 
of the values previously calculated. 

Recent use of the upper atmosphere as a 
medium for transmitting electromagnetic radia- 
tion of wavelength 10 to 10,000 meters has 
emphasized the importance of knowledge or at 
least of a theory of changes which occur in the 
upper atmosphere between day and night 
conditions during different seasons of the year. 


(1) Abstract of a paper read at the open meeting of the 
U. S. R. I. at Washington, D. C., October 1927. 


Absorption of solar and terrestrial radiation by 
the air must determine any theory of tempera- 
ture distribution in the upper atmosphere. 
Humphrey has discussed this problem and has 
suggested that it should have been worked out 
but no attempt has been made previously to 
apply radiation and absorption coefficients and 
solve for the thermal condition of the upper 
atmosphere or to estimate probable temperatures 
at elevations greater than 20 kilometer for the 
radiation conditions of day and night or winter 
and summer. 

Water vapor above 11 kilometers absorbs a 
little over 20 °/, of black body radiation from 
below at earth temperatures while carbon 


dioxide absorbs nearly 40 °/,. Ozone absorbs 


only about 2 °/ but its presence is important 
because it absobs about 4 °/, of the solar 
radiation at an altitude where most of the re- 
radiation must be by the ozone itself. Tempera- 
ture calculations based on these absorption 
coefficients show that for a 50° latitude above 
a height of sixty kilometers we should expect 
a temperature of about 250" K during a winter 
day with a drop to 220? during the night and a 
temperature of 370" during a summer day with 
a corresponding drop to 230° during the night. 
The atmosphere at the base of the stratosphere 
cannot be in radiation equilibrium but must 
receive more radiant energy than it looses both 
from above and below during a twenty-four 
hour day. The loss in heat by radiation from 
the warm equator is much less than from the 
cooler polar regions. Ап increase in temperature 
at sea level near the equator would not result 
in an increase in the energy lost by radiation 
from these regions, but would actually result 
in a decrease. Loss of heat by radiation from 
the earth depends, not on the condition of the 
surface, but on the temperature at the base of 
the stratosphere and absorption in the strato- 
sphere. The temperature condition of the earths 
surface is in very unstable equilibrium. А 
slight change in the carbon dioxide of the air 
would have a termendous influence on the cli- 
mate of the earth. If the carbon dioxide content 


of the air were increased from the present 
0.03 "/. to 0.177, tropical plants would pro- 


bably grow in the polar regions. On the other 
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hand if this protecting sheet decreased from 
0.03 "/, to 0.01 ?/, ice would probably be found 
near the equator. 


Since the present theory leads to low densities 
of the atmosphere above heights of 100 kilo- 
meters, densities one hundred thousandth of 
those of classical tables at 300 kilometers, the 
facts about the appearances of meteors require 
explanation. lt seems possible to do this follow- 
ing to a certain extent the ideas of Sparrow 
and to a certain extent those of Lindemann. 
When a high speed meteor strikes an air 
molecule, it is assumed that the energy of the 
impact violently ejects atoms, molecules and 
possibly small particles of molecular dimension 
from the body of the meteor. This ejected 
material by virtue of its velocity carries into 
the air the energy which eventually gives the 
light of the meteor trail. For example, when a 
nitrogen molecule strikes an iron meteor which 
has a velocity of 40 kilometer per second, the 
energy of the impact is sufficient to raise the 
temperature of 1,800 molecules 1,000" C or to 
evaporate 56 molecules of iron, or to evaporate 
and ionize 24 molecules of iron. As a result of 
this impact a mass many times that of the 
nitrogen molecule is ejected from the meteor 
principally in the form of highly energized iron 
atoms which have velocities slightly greater 
than that of the meteor itself. The inelastic 
collisions of these iron atoms with the molecules 
of the air result in the visible trail. The excita- 
tion energy of these collisions may be as high 
as 155 volts for nitrogen or 280 volts for argon. 
Much of this energy may be radiated in the 
ultra-violet or even soft x-ray region, and it is 
probable that not more than one-tenth of the 
total radiation is in the visible part of the 
spectrum. Therefore, the total mass of the 
meteor must be much more than that derived 
by Lindemann and Dobson from their consi- 
derations of the relation between the mass of 
a meteor and its light. The temperature changes 
in the upper atmosphere from evening to 
morning, and from winter to summer, given by 
the present theory lead one to expect appearance 
of meteors at heights which are greater by say 
5 kilometers in the evening than in the morning 


and in the summer than in the winter. It would 
be interesting to know whether this difference 
has been observed. 

Recent studies of the propagation of elec- 
tromagnetic waves over the earths surface have 
emphasized the need of a theory and definite 
conclusions concerning diurnal and seasonal 
changes in temperature and composition of the 
atmosphere at heights greater than 50 kilo- 
meter. И was the purpose of this discussion to 
take what steps were possible toward the 


meeting of this need. 
Naval Research Laboratory, 
« Bellevue », Washington, D. C. 
1 November 1927. 
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Note 
au sujet des ondes de quelques mètres, 


par RENÉ MESNY. 


Dans ces derniéres années, nous avons eu 
l’occasion de faire, en collaboration avec 
MM. Beauvais et David, une série d'expé- 
riences avec des ondes de longueurs comprises 
entre 2 et 4 métres. Ces expériences ont permis 
de fixer les propriétés de ces ondes et leurs 


conditions d'utilisation; nous les résumons 
ci-dessous. 
Emission et réceplion. — Le générateur a 


toujours été du type symétrique (1) à deux 
triodes; la puissance d'alimentation a varié 
entre 2 et 200 watts. 

L'antenne était le plus souvent demi-onde, 
mais nous avons aussi employé des antennes de 
plusieurs demi-ondes et méme des antennes 
absolument quelconques comme celles des 
navires sur lesquels nous avons travaillé. 

La réception a toujours été une superréaction 
dont l'emploi s'est montré avantageux et pra- 
tique. 


Propagation loin du sol. — Entre deux points 
qui se voient l'un l'autre, les transmissions sont 
excellentes à toutes distances, méme avec les 
plus faibles puissances. Dans les Alpes, entre 
deux sommets dont la distance était de 100 kilo- 


(1) R. Мезму, Les Ondes électriques courtes, p. 61. 
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mètres, nous avons réalisé des communications 
téléphoniques duplex parfaitement sûres avec 
des postes portatifs à piles dépensant 3 watts 
pour l'alimentation de l'émetteur. Dans d'autres 
circonstances, nous avons atteint jusqu à 280 
kilométres, la réception restant encore extré- 
mement forte quoique l'émetteur et le récepteur 
ne soient plus tout à fait en visibilité. 

П n'y a d'ailleurs rien qui puisse étonner dans 
ces résultats; ils sont dus tout simplement à ce 
que l'énergie est parfaitement utilisée pour le 
rayonnement avec ces ondes trés courtes. Si W 
est l'énergie rayonnée en watts et D la distance 
en kilométres, le champ à cette distance est, en 
microvolts par métre, 


en supposant que l'émetteur soit isolé dans 
l'espace et qu'il n'y ait pas d'amortissement. Un 
seul watt rayonné donne donc, à 100 kilométres, 


пу 


un champ de 67 ~. 


Influence des écrans. — Quand il existe un 
écran entre l'émetteur et le récepteur, les 
signaux sont d'autant plus atténués que la hau- 
teur de cet écran est grande, et ils ne tardent 
pas à s'annuler quand elle croit. Nous avons 
fait plusieurs expériences en pays de mon- 
tagnes en intercalant entre l'émetteur et nous- 
méme l'écran formé par une chaine de collincs 
situées à des distances de 20 à 30 kilométres. 
En nous déplagant sur une pente оррозсе à 
l'émetteur nous pouvions, soit nous mettre en 
visibilité de ce dernier, soit pénétrer plus ou 
moins profondément dans son ombre géomé- 
trique. Dans tous les cas, les signaux ont 
disparu assez brutalement au moment oü la 
ligne joignant le récepteur au bord de l'écran 
faisait avec celle qui allait directement à l'émet- 
teur un angle de 1^ à 1",5. Aucune mesure 
quantitative n'a encore pu étre faite, et la rapi- 
dité avec laquelle on voit disparaitre des signaux 
forts dépend beaucoup des récepteurs employés; 
cependant, nous avons l'impression que la dimi- 
nution des signaux était plus brutale que ne 
l'indiqueraient les formules d'optique relatives 
à la diffraction par un écran rectiligne. 


Propagation prés du sol. — Dans le voisi- 
nage d'un sol plan les choses peuvent complé- 
tement changer d'aspect. 

Tout d'abord si l'émetteur et le récepteur 
sont tous deux à quelques métres d'un sol plan, 
ou à peu prés plan, sur une grande étendue, 
les communications faites avec une puissance 
de 3 watts et qui étaient excellentes à 100 kilo- 
métres entre deux sommets, deviennent médio- 
cres à 1,5 kilométre; les signaux disparaissent 
complétement entre 2 ou 3 kilométres. 

Mais, il n'est pas nécessaire que l'émetteur 
soit prés de ce plan, il suffit que le récepteur 
le soit. Nous avons fait de nombreuses expé- 
riences en plaçant l'émetteur au sommet де la 
tour Eiffel et en nous promenant avec le récep- 
teur dans la région parisienne. Chaque fois que 
nous nous trouvions sur un sommet les signaux 
étaient extrémement forts à toutes distances. 
Au contraire, dés que le récepteur était sur un 
plateau, les signaux disparaissaient quand la 
distance était supérieure à 20 kilométres envi- 
ron. Si l'on allait se placer sur le bord du plateau 
situé du cóté de l'émetteur, les signaux rede- 
venaient forts; à 400 ou 500 mètres de ce bord, 
souvent méme à 200 métres, ils disparaissaient 
entiérement ou presque entiérement. 

La premiére idée qui vient à l'esprit est de 
voir dans ce phénoméne un effet de l'absorption 
du sol. La brutalité de l'affaiblissement quand 
on s'éloigne du bord de la falaise nous a fait 
chercher une autre explication: П nous a paru 
difficile qu'en 400 ou 500 métres l'énergie de 
l'onde puisse étre absorbée à ce point. Les for- 
mules de Zenneck invoquées souvent en la 
circonstance ne nous paraissent pas applicables: 
elles concernent une onde qui a pris un régime 
permanent à la suite d'un parcours obligatoire- 
ment long au voisinage du sol, assez long pour 
que le champ électrique ait acquis une compo- 
sante horizontale importante, pour que l'onde 
se soit inclinée en avant (cette derniére image 
est d'ailleurs peu précise en raison de la rotation 
du champ). Si l'on peut chercher à justifier une 
telle explication dans le cas oü émetteur et 
récepteur sont prés du sol, il n'en est pas de 
méme quand l'émetteur est trés élevé; comme 
il est en méme temps relativement éloigné, on 
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peut admettre que les ondes qui arrivent au 
récepteur sont des ondes planes, et quand се! 
récepteur est sur un plateau, on est еп présence’ 
de la réflexion d’une onde plane sur un plan. 
C'est un probléme classique et l'on trouve faci- 
lement que dans les conditions de la pratique 
(constante diélectrique et conductivité normales) 
la réflexion se fait avec changement de phase 
de prés de 180^, si l'angle du sol avec les rayons 
est faible. Quand cet angle est d'un demi-degré, 
par exemple, le champ résultant à quelques 
centaines de métres du bord d'un plateau est 

environ vingt-cinq fois plus faible qu'au bord 
_ où la réflection ne joue pas. Nous pensons que 
telle est la cause du phénoméne observé. 

Ce qui nous confirme dans cette opinion, 
cest qu'aprés avoir déplacé l'émetteur et 
l'avoir installé sur un sommet d'une hauteur 
de 175 métres (mont Valérien), nous avons pu 
obtenir des signaux encore trés convenables, à 
plusieurs kilométres du bord d'un plateau dont 
l'altitude était voisine de 200 métres (au sud de 
Beauvais) et situé à une cinquantaine de kilo- 
mètres de l'émetteur. I] n'y avait plus d'onde 
plane réfléchie, mais un phénoméne de diffrac- 
tion. Les énergies en jeu étaient d'ailleurs du 
méme ordre que quand l'émission se faisait du 
sommet de la tour Eiffel (150 watts alimen- 
tation environ). 

Ces phénomènes n'ont peut-être pas d'impor- 
tance pratique; ils paraissent néanmoins inté- 
ressants, en faisant ressortir différents modes 
de propagation. 


Propagation aux grandes distances. — Des 
essais trés soignés, exécutés dans des conditions 
trés favorables, avec une puissance d'émission 
de 150 watts alimentation, ne nous ont donné 
aucun résultat à des distances de 600 et de 
900 kilométres. Quoique l'émetteur füt encore 
au sommet de la tour Eiffel, on était extréme- 
ment loin de la visibilité théorique : L'horizon 
visible de la tour Eiffel est de 65 kilométres 
seulement, et à une distance de 600 kilométres 
la rotondité de la terre crée un écran d'une hau- 
teur de 7 kilométres. La réfraction ionique seule 
pourrait permettre de telles communications, et 
l'on sait qu'elle parait insuffisante pour ramener 
au sol, méme à des distances beaucoup plus 


- 


'grandes, des ondes d'une longueur inférieure à 
une dizaine de métres. 


Utilisation des ondes de quelques métres. — 
L'utilisation pratique des ondes de quelques 
mètres est aussi simple que celle des ondes plus 
longues. Les petites puissances qui suffisent à 
couvrir les distances accessibles se réalisent 
trés facilement; les antennes peuvent étre quel- 
conques, mais quand on emploie des antennes 
demi-onde on arrive à réduire l'encombrement 
dans des conditions fort avantageuses pour les 
usages pratiques. L'emploi de la superréaction 
pour la réception supprime toutes les difficultés 
qui pourraient provenir de l'élévation de la fré- 
quence. Les atmosphériques sont absolument 
insensibles. 

L'influence radicale des écrans donne à ces 
ondes une qualité de discrétion qui n'existe pour 
aucune autre gamme, et cette qualité peut étre 
notablement accrue par l'emploi de systémes 
directifs dont l'établissement est particulière- 
ment facile. 

Enfin, gráce à la réduction d'échelle, ces 
ondes permettent de faire trés simplement de 
nombreuses expériences qui sont difficiles ou 
impossibles avec les ondes plus longues. Nous 
signalerons à ce sujet les mesures que nous 
avons effectuées sur divers systémes directifs 
et en particulier sur les rideaux d'antennes 
en grecque. Cette disposition, imaginée par 
Chireix (1) et par nous-méme (2), permet 
d'obtenir une concentration considérable d'éner- 
gie par les moyens les plus simples. 
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A Note on the Short Wave Long 
Distance Transmission, 


by T. MINOHARA and K. TANI, 


Naval Experimental and Research Establishment, 
Tokyo (Japan). 


It is well known that the path of propagation 
of short waves over long distances, depends on 


the position of the so-called Kennelly-Heaviside 


(1) Société Française Radioélectrique. — Brevet français, 
n" 216,757, 10 mars 1926. 

(2) R. MESNY, Émissions dirigées par rideaux d'antennes 
en grecque. (Onde électrique, 6 mai 1927, pp. 181-200.) 
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layer which varies with day-time and season. 
Consequently, it is not simple to treat the 
phenomenon on the transmission over long 
distances, as the height of Kennelly-Heaviside 
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layer is not the same at different localties where 
the time and season are quite different. 

To study the experimental results of short 
waves in long distance communication, we take 
the following method which is very convenient 
to trace the course of the wave. 

Plot the hours in abscissa, and the distance 
along the great circle between the stations in 
ordinate, as shown in the lower part of the 
Figs. 1 and 2. 

Draw the boundary line of day and night. 
Then we can easily investigate the relation 
between the path of waves, and the darkened 
space. 

Further we can suppose that the conductivity 
of the upper atmosphere as noon is not the 
same as right before the sun set or right after 
the sun rise. If we assume that the height of 
the conducting layer of the upper atmosphere 


is inversely proportional to the cosine of the 
angle of altitude of the sun at the locality to 
be considered, we can calculate and plot the 
curve representing the curvature of Kennelly- · 
Heaviside layer as shown in Fig. 3. 

Let us now explain some typical experimental 
data with the aid of the above consideration. 

The Fig. 1 shows the test result of the 
signal intensities of short wave (> == 34 m) sent 


by the station at Buenos-Aires (L P 1), and 


received at our laboratory in Hiratsuka near 
Tokyo, on February 18th and June 18th 1927. 

It is clear from the figure that the signals 
are strong twice a day in the period where the 


|| 
E 
eal 
E 
= 
E] 


di 
| 
| 

| 

А 


Fic. 2. 


night signals travel along the shortest distance 
of darkened space in the opposite side of each 
other. 

Fig. 2 shows the test result of the signal 
intensity of short wave sent by the station XAF 
Schenectady, and received at Hiratsuka. 

It is a remarkable that the signals of the 
wave length 26.8 m are strong at 3.00 A. M. 
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and 6.30 A. M. J. M. T. In Fig. 3, ABA 
represents the great circle containing the 
receiving station À and the sending station B 
developed into a straight line. IP, whose height 
above ground is h, shows the level of Kennelly- 


Heaviside layer at the night-time, and DD', 


whose height is k’, shows the level of the layer 
at noon when the ionization is the most intense. 
Thus the conducting layer at any instant 
when the ray strikes at some angle of inclination, 
must lie between I and DD’. Plotting the 
position of the layer calculated under the 
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assumption mentioned above, we get the curves 
of 3-00, 4-45, 6-30, 9-00, 14-00, 19-00, J. M. T. 
respectively as shown in broken line in the 
Fig. 3. 

The problem on the path of the wave propa- 
gation can neither be solved by pure reflection 
nor by pure refraction, only, but generally it 
may be supposed that the ray is refracted 
gradually along the curvature of the globe 
and refracted abruptly or practically reflected 
: downward at the conducting layer and return 
towards the earth. For the sake of simplicity, 
we reduce the process to pure equivalent 
refraction in the graphical representation sup- 
posing the earth surface to be a plane. Then 
we get the trace of the path of the wave BabA 
for 3-00 J. M. T. and BdA’ for 6-30, J. M. T., 
therefore the signal can be received at the 
station А, but during the other period 4-45, 
]. M. T. for example, we can not receive the 
signal, as the wave travels along the path Ba'b'c' 
or Bd. 

Fig. 4 shows the intensity of signal sent by 
the station Nauen, received at Iwatsuki. Similar 


remarkable fact can be seen in these results 
and the same explanation as above mentioned 
can be applied, as shown in Fig. 5. 

As there are many assumptions and other 
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unknown factors are involved in these treat- 
ments, it should be not so simple in actual case 
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but they may be looked upon as new suggestions 
taking account the present knowledge of radio 


engineering. 
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Diurnal Variation in Signal Strengths 
of Short Waves, | 


by T. NAKAGAMI and T. ONO, 


Direction General of Telegraph and Telephone Engineering, 
Ministry of Communications, Tokyo (Japan). 


Many theories on short wave transmission 
phenomena have been proposed and the test 
results of the measurements on short wave 
signals reported, giving valuable contribution 
to our knowledge on the propagation of radio 
waves. 

In examining these reports, we must take 
into consideration what waves were employed, 
in what season and at what hours the tests were 
carried out, and what was the distance between 
the sending and receiving stations, as these 
factors are intimately connected, although the 
mutual relations are complex. 

During the past two years, we conducted 
several tests in order to find out the best wave 
length in the day-time or night-time transmission 


WAVE LENGTH IN METERS 


DISTANCE 1N KI LOMETERS 
Fic. 2. 


during some season for a certain distance in 
Japan. 

One of our tests was carried out at the 
beginning of January, 1927. A short wave 
transmitter was installed at Kagoshima Radio 
Station, and the antenna was of the simple V 
shape and its power about 500 watts, the natural 
wave length being equal to that of sending. The 
receiving stations were selected at different 
places, so that we could get sufficient data at 


different distances. At each place a short wave 
receiver consisting of a detector and one stage 
audio-frequency amplifier was installed. 


We sent test signals during 24 hours on 
several different wave lengths at Kagoshima, 
and they were received at eight receiving 
stations simultaneously. Thus we got the results 
given in Fig. 1 which shows the diurnal 
variation in signal strengths with respect to the 
wave lengths and distances. From these curves 
we may observe the following interesting facts : 


1. In night-time, the 61 m wave is unreadable 
at short distances, but as the distance 
becomes greater the signals get stronger 
and the hours of readability become 
greater. 


2. The skip distance of a certain wave is 
greater in night-time than in day-time 
and the shorter wave skips more than 
the longer one. 


3. As the wave length becomes shorter, the 
hours of readability in night-time get 
less and less at a short distance but the 
hours of readability on the same wave 
length become greater with increase in 
distance. 


4. It seems that there are optimum day- 
time and night-time wave lengths at a 
definite distance and that the greater 
the distance, the shorter the optimum 
wave lengths. This will be described 
later. 


5. Peculiarity in the transmission of the 
shorter waves along the meridian for a 
certain distance on a certain wave length 
is that the signals are unreadable except 
for a few hours at the sundrise and 
sunset. The reason of this fact seems 
that in the day-time the signals are 
absorbed and become unreadable owing 
to the low power and in the night-time 
the signals skip over this distance and 
at the sunrise and the sunset the altitude 
of the ionized layer or the degree of 
ionization in the upper atmosphere is 
favorable for the transmission on that 
wave length to that distance. 


We also made several tests on short waves 


4 
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to find the optimum wave length for a given 
distance. One of the tests was conducted in 
June, 1926. 

The test signals sent from Tokyo on different 
wave lengths were received simultaneously at 
several places, and we found out the wave 


length which can be received for 24 hours 
at a certain point, though this wave was neither 
the best one for the day-time nor for the night- 
time. 

The result is given in the following table and 
in Fig. 2, Curve Е : 


Sending Station . Tokyo. 
Receiving Station Kanagawa. | Hiroshima. Sapporo. Otchishi. Kagoshima. 
Distance between Sending and Recei- 

ving Stations in Km . . . . . 300 360 890 965 965 
Wave length in meters which gives 

all day signals. . . SL. 35 29 28 25 25 


Another similar test was carried out in January, 1927, and we got the following result : 


Sending Station. . Kagoshima.| Sapporo. | Kemikawa.| Kagoshima.| Kagoshima.| Osaka. |Kemikawa. 
Wave length. | 61 75 56 | 4.28 41.5 32 | 27.5 
Receiving point where South Hiraiso. | Hiroshima. | Iwatsuki. North Naha. South 
the signals were | of Naha. | of of Naha. 
readablethroughout | South of | Iwatsuki. | Sapporo. Kanazawa. 
24 h. Kanazawa. 
Distance between Sen- 
ding station and the 
Receiving point. 700 790 985 900 1,170 1,550 


Curve B, in Fig. 2 is plotted from the 
above table. Besides these, the other curves in 
Fig. 2 show the results obtained by similar 
tests carried out in Japan; i.e., Curve А is the 
day-time maximum range of the 500 watt 
transmitter in winter; Curve D, the skip distance 
of day-time; Curve C, that of night-time in 
winter; and Curve E, the wave lengths which 
may be used throughout day and night in 


spring. If we want to select the optimum wave 
length for commercial services, we must make 
use of Curves B, E and F in winter, spring and 
summer respectively, taking into consideration 
the fact that the optimum wave length at night 
is a few meters longer than that given by the 
curve, while the best wave length in day-time 
is a few meters shorter. 
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Seasonal Variation 
in Signal Strengths of the 20 meter 
Wave from Nauen in Japan, 


by T. NAKAGAMI and T. ONO, 


Direction General of Telegraph and Telephone Engineering, 
Ministry of Communications, Tokyo (Japan). 


We made a series of the receiving tests of 
the 20 meter waves from Nauen at Iwatsuki 
Receiving Station near Tokyo for more than 
one year, and got the result which is summarized 
in the annexed figure. The hours during which 
Nauen signals were readable are shown for 
several seasons, in which we tried to receive 
the Nauen 20 meter wave for 24 hours. 


In summer, there are about 11 hours of 
signal readability when the path from Nauen 
to Japan supposed to lie on the great circle is 
night-time, but in winter, they are reduced to 
only a few hours, shifting towards the time 
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when the great circle passing through Nauen 
to Japan is daylight time. The great circle 
between Japan and Germany runs nearly 
tangential to the arctic circle on its middle 
part, so that the night-time in summer is not 
completely dark and the day-time in winter is 
not completely broad daylight, both resembling 
the condition of twilight. On this account the 
degree of ionization of the upper atmosphere 
is nearly the same in winter day-time and 
summer night-time; thus the conditions of the 
propagation of signals seem to be controlled by 
nearly the same factors. 
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The relation between radio reception, 
sunspot position and area, 


by GREENLEAF W. PICKARD, 
Wireless Specialty Apparatus C°, Boston (Mass., U. S. A.) 


As a matter of years or even months, the 
relation between radio reception and solar acti- 
vity is now quite definitely known (1). An 
increase of solar disturbance, as indicated by 
an increase in the number of sunspots, solar 
constant or ultraviolet radiation, is accompanied 
by an improvement in day reception and a 
lowering of night reception. By taking periodic 
daily averages for a number of solar rotations 
certain general day to day relations can be 
found; for example, the meridian transit of a 
sunspot group is usually accompanied by a 
depression of night reception and (with the 
exception of 1926 and the early part of 1927) 
a slight increase of day field (2). 

Night reception in that portion of the broad- 
cast band between 750 and 1,500 kilocycles 
and over East-West transmission paths shows 
the highest relation to measures of solar 
activity. But even with this most sensitive type 
of radio transmission, if intervals of less than 
a month are taken the degree of correlation 
rapidly decreases Comparing night reception 
at Newton Centre, Massachusetts, from stations 
WBBM and WGN at Chicago, with Wolfer 
Provisional Sunspot Numbers over the interval 
January, 1926 to September, 1927, the follow- 
ing correlations are found : 


INTERVAL CORRELATION гје 
Three months — 0,92 + 0,038 24,0 
Two months — 0,75 + 0,093 8,1 
One month — 0,54 + 0,10 5,4 
Fifteen days — 0,45 + 0,084 5,4 
Seven days — 0,30 + 0,06 5 


When a day to day comparison of reception 
and Wolfer sunspot numbers is attempted, a 
very low correlation is found. If recognition is 
taken of the distance of the sunspots from the 


(1) THe Correlation of Radio Reception with Solar Activity 
and Terrestrial Magnetism. (Proceedings of the Institute of 
Radio Engineers, vol. 15, n° 2; February 1927.) 

(2 The Correlation of Radio Reception with Solar Activity 
and Terrestrial Magnetism. II. (Bulletin National Research 
Council, п“ 61, July 1927, Proceedings of the Institute ој 
Radio Engineers, vol. 15, n? 9, September 1927.) 
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Sun's center, by multiplying their area by 
(1 — e), where e is the distance from the 
center of the solar disc, a somewhat larger 
correlation coefficient results. А further impro- 
vement results when only spots within a few 
degrees of the central meridian are taken. But 
even when position as well as area is considered, 
the connection between individual sunspot 
groups and reception is not sufficient to show 
that we are dealing with cause and effect. 

As a working hypothesis, I have assumed 
that there are definite solar areas which are 
responsible for reception disturbances, and 
which usually persist for a number of solar 
rotations. In general these active areas are also 
areas of sunspot formation, but they are effect- 


‘ive in producing reception disturbances even 


measurements at Newton Centre, Massachu- 
setts, and Seabrook Beach, New Hampshire, of 
station WBBM at Chicago, the day reception 
is at Washington from AGS at Nauen, Ger- 
many, while the magnetic measure used is the 
Magnetic Character of Day Number given by 
the Observatory at Cheltenham, Maryland. The 
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FiG. 2. — Reception and magnetism with maxima of 4 to 10 spots 


in central 13.3» band, 62 cases, February 17, 1926 to May 21, 1927. | 
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sunspots were counted in a central band 13,3° 
wide, which is one day’s travel in solar rotation. 
In figure 1 is shown the relation between 
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Fic. 1. — Reception and magnetism with maxima of 4 or more spots 
in central 13.3* band. 88 cases, Februari 17, 1926 to May 21, 1927. 


when they contain no spots. Large sunspot 
groups may also occur entirely outside these 
active areas, in which event the earthward 
presentation of such spots is less likely to be 
accompanied by changes in reception. 

But as the active areas persist for a number 
of solar rotations (sometimes over a year) and 
are the most likely places for sunspot form- 
ations, we may still use sunspot area and posi- 
tion to derive general relations despite their 
inadaquacy in the individual case. It is the object 
of this paper to show that the central passage 
of sunspots does not exactly coincide with the 
associated reception disturbances, and that the 
interval between the transit of the sunspots and 
the reception change varies both with the area 
of the sunspot group and with the particular 
period taken for investigation. > 

In the first seven figures night reception, day 
reception and terrestrial magnetism are com- 
pared with the central passage of sunspot 
maxima. The night reception is taken from my) 


day and night reception, terrestrial magnetism 
and sunspot maxima of four or more spots, over 
the period February 17, 1927, to May 21, 1927. 
The ordinates represent percentage variation 
of the elements, and the graph covers an inter- 
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Fic. 3. — Reception and magnetism with maxima of 120r more spots 
in central 13.3° band. 26 cases, May 13, 1926 to May 12, 1927. 
val of eleven days. Night reception, shown in 


full-line, reaches a minimum about three days 
after the central passage of the spots, day recep- 


tion an ill-defined minimum one day before, 
while magnetism, shown in dotted line, shows 
a maximum of disturbance between two and 
three days after. 
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À comparison of reception and magnetism 
over the same period, but with sunspot maxima 
limited to four to ten spots is shown in figure 2. 
Now both night and day reception show minima 
one or two days before, with a maximum of 
magnetic disturbance one day before. 

In figure 3 only the larger sunspot groups 
are taken, with spot numbers of twelve or more 
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Fic. 4. — Reception and magnetism with maxima of 4 to 10 spots 
in central 13.3» band. 26 cases, February 17, 1926 to October 4, 1926. 


in the central band. The amplitude of the night 
reception and magnetic disturbance has now 
increased, with minimum and maximum values, 
respectively, four and three days after the 
passage of the spots, while day reception shows 
a slight depression one day after. 

It is evident from these figures that the inter- 
val between sunspot transit and reception 
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Fic. 5. — Reception and magnetism with maxima of 4 to 10 spots 
in central 13.3» band. 36 cases, October 8, 1926 to May 21, 1927. 


DAYS AFTER. 


depression is related to sunspot area, much as 
if the smaller spot groups were on the Western, 
and the larger spots on the Eastern boundary 
of the active areas. But there is another factor 
to be considered, namely the period covered by 
the observations. In the preceeding figures this 


has been approximately fifteen months; now 
this interval will be broken into two nearly 
equal parts. In figure 4 the interval is from 
February 17, 1926 to October 4, 1926, with 
sunspot maxima of four to ten. Night reception 
shows a depression centering one day after, 
magnetism a maximum one day after, and day 
reception a minimum two days before. 

In figure 5 the period is October 8, 1926 to 
May 21, 1927, with sunspot maxima of four 
to ten. Although at first sight this figure is the 
inverse of the preceeding one, the night recep- 
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Fig. 6. — Reception and magnetism with maxima 


of 12 or more spots in central 13.3? band. 8 cases, May 13, 1926 
to September 19, 1926. 
tion maximum one day after the passage of the 
spots is not related to this particular transit, but 
merely represents reception recovery from some 
preceeding disturbance; actually what has 
happened is merely a considerable displacement 
in time. The inverse relation of magnetism and 
night reception is here the best guide to the true 
position of the reception minimum, which is 
more than five days after the spot transit. 
Apparently the smaller sunspot groups were 
quite near the center of the active areas during 
the first seven months, but in the second period 
they moved East by at least 65°. 
The larger sunspot groups shows a similar 
displacement, altho to a lesser degree. In 
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figure 6 reception and magnetism from May 13, recovery of reception from the depression asso- 
1926 to September 19, 1926, are compared  ciated with a preceeding magnetic disturbance. 
with sunspot maxima of twelve or more. Night wo 


reception shows a minimum two days after, and = ow 
magnetism a maximum one day after. Figure 7 — '^ 
is also for sunspot maxima of twelve or more, 150 
for the period of October 11, 1926 to May 12, aa 
1927, and here the reception and magnetic e © å 
elements show a minimum and maximum es е 
values three and four days, respectively, after 220 а | 
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Fic. 8. — Reception from WBBM and WGN with magnetic storms 
observed at Cheltenham. 14 cases, January 26, 1926 to August 19, 
1927. — AGS day reception in broken line. 
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| bances accompany magnetic storms, even a 
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Fic. 7. — Reception and magnetism with maxima of 12 or morespots moderately disturbed day has its associated 
in central 13.39? band. 18 cases, October 11, 1926 to May 12, 1927. e 
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the transit of the spots; a displacement of about 
two days to the right. 

It is aparent from the preceeding figures that 
the relation of reception to magnetism is much 
more intimate than its connection with sunspots. 
In figure 8 the magnetic storm is taken as the 
event, instead of sunspot transit. Within the 
nineteen months from January, 1926 to August, 
1927, there were fourteen magnetic storms 
recorded by Cheltenham, and the depression of 
night reception accompanying these storms is DAYS BEFORE, DAYS AFTER. 
very striking. Day reception shows an inverse Fis. 9. — Mean reception from WBBM and WJAX at Washington 
effect, an increase of field accompanying and Cheltenham, 36 cases, January за to June Ve at 
following the storm. The night reception maxi- | 
mum three days before is not in anticipation reception depression. In figure 9, which covers 
of the coming storm; it merely represents the the period January 24 to June 12, 1927, all 
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magnetically disturbed days are taken, that is, 
all days with character number of one or two. 
The night reception data are here an arithme- 
tic average of WBBM at Washington and 
Newton Centre, and WJAX of Jacksonville, 
Florida, at Washington. Over the first half of 
1927 magnetic disturbances came at intervals 
of approximately fifteen days, so the reception 
maximum three days before represents the 
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AUGUST 1927. 


Fic. 10. — Night reception from WGN, Chicago, at Seabrook 
Beach, N. H., and the magnetic storm of August 19 and 20, 1927. 


recovery of reception from the depression asso- 
ciated with a preceeding magnetic disturbance, 


and the curve has a period of fifteen days. 


On the 19th and 20th of August, 1927, there 
was a magnetic storm of considerable intensity, 
with displays of Northern lights on both 


evenings, visible thruout New England. In . 


figure 10 I have shown the reception depression 
associated with this storm, in which the field 
from WGN remained at a low value for a week. 

Night reception over any extended period is 
largely a series of abrupt depressions followed 
by relatively slow recoveries. The recovery, at 
least during a sunspot maximum, is rarely com- 
pleted before the next depression occurs, so that 
the mean field for, say, a month, is largely 
determined by the interval between these abrupt 
depressions. If this interval is short, for exemple 


a week, the mean field will be low; if two or 
three quiescent weeks intervene the mean field 
will be high. | 

These depressions quite definitely accom- 
pany disturbances of terrestrial magnetism, and 
less definitely the central passage of sunspot 
groups, but in neither case are we warranted 
in assuming that the connection is one of cause 
and effect. However, the relation of reception 
to terrestrial magnetism is so definite it is 
difficult to escape the conclusion that distur- 
bances of these two elements arise from a 
common and nearby cause; an electrical change 
in our atmosphere. Апу inexactness in this 
relation might be explained on the assumption 
that magnetic disturbances require an electrical 
movement, whereas reception is dependent upon 
the degree and disposition of ionisation. 


xx à 


Apparent night variations 
with crossed coil radio beacons, 
by HARADEN PRATT, 

Radio Engineer, 

Bureau ‘of Standards, Washington D. C. (U. S. A.) 

It early became apparent that the employ- 
ment of coil antennas on airplanes for deter- 
mining the directions or bearings of radio 
stations was beset with difficulties. The coils 
were limited in size and considerable ampli- 
fication was needed to secure a signal of 
suitable strength. Airplane engine ignition inter- 
ferences in the radio receiving system prevented 
the use of very much amplification and so the 
distance range was limited.. Further, the high 
level of noise present on aircraft prevented a 
close observation of the minimum signal sector 
during rotation of the coil, thereby by impairing 
the accuracy of that method as applied to aero- 
nautical navigation. 

Various means for the taking of radio station 
bearings from airplanes were attempted without 
realizing a practical solution of this problem 
and it was not until the crossed coil radio 
beacon was proposed that those interested in 
the art became encouraged to expect the 
evolution of a simple and workable system to 
guide aircraft. | 

The crossed coil beacon idea was investigated 
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by the Bureau of Standards several years ago, 
since which time its development has been 
rapid, and there are now several of them 
available for service in the eastern part of the 
United States. 

Essentially, this beacon comprises two coil 
antennas disposed in two vertical planes fixed 
at an angle with each other. This two coil 
system is free to be rotated about a vertical axis. 
When the coils are similarly excited at radio 
frequency, signals of equal intensity from each 
will be heard on a receiving set when located 
along any one of the four vertical planes 
bisecting the angles between the planes of the 
coils. At other points the signal intensities from 
each coil will be different. This marking off in 
space of a vertical equisignal plane constitutes 
the directive feature of the crossed coil type of 
beacon, and this equisignal zone is frequently 
referred to as the course set down by it. 

In its practical application and for con- 
venience in construction, the beacon used in 
this country employs a radiating system of two 
large fixed single-turn loops. А suitable gonio- 
meter interposed between these loops and the 
power source permits by its rotation, the rota- 
tion in space of the equisignal zones. À 
mechanical device automatically transmits the 
letter А on one coil and the letter N on the other. 
These are so interlocked that a continuous long 
dash is heard along the equisignal zone. The 
width of this zone where the dash only is heard 
depends largely upon the acuteness of the 
observer's attention, and may vary between 
limits, for example, from 1 1/2 to 3 degrees. 

For the guidance of aircraft the crossed coil 
beacon possesses several obvious advantages. 

1. There is no zone of minimum or maxi- 
mum signal strength to be observed. 

2. Location of the course or beam is secured 
by an automatic comparison of two signals. 

3. Regardless of the position of the aircraft 
within a wide angle when off the course, this 
beacon furnishes a definite signal enabling the 
craft to locate, and return to its proper course. 
This characteristic permits temporary detours 
to be made during flight around stormy areas 
or obstructions, a very important and valuable 
feature. | 


4. The aircraft uses an ordinary receiving 
set with the usual trailing wire antenna permit- 
ting signals to be received under the most 
favorable conditions as regards minimum sensi- 
tivity of airplane receiving set to local noise and 
disturbances. 


5. Ап aircraft may be guided along a set and 
invariable airway regardless of wind drift. 


These advantages had much to do with the 
selection of this type of beacon for application 
to our national airway system, particularly 
those over which schedule mail airplanes 
operate. 


To secure information of a practical nature, 
receiving equipment was recently installed on 
a mail airplane operating between the airports 
of Cleveland and New York, over an airway 
approximately 380 miles long. Two directive 
beacons were available, one at the New York 
terminal and the other at a point 170 miles west 
at Bellefonte, Pa. The frequency used was 
290 kc. The radiating loops were of a triangular 
shape 300 feet long and 80 feet high. The cur- 
rent in each loop was 8 amperes. This route 
crosses the Alleghany mountain ranges which 
occupy nearly all of that region and is a parti- 
culary favorable one for this experimental 
flying both because of the rough topography 
and the prevalent foggy and cloudy weather. 

The accuracy of the directive beacon as a 
guide had already been established as of a high 
order, through considerable use in the past, but 
upon examination of the situation it was 
learned that all previous experience with it had 
been confined to daylight flying. Its operation 
at night had been untried. Flights over the 
airway mentioned were therefore undertaken 
last summer and results inconsistent with those 
secured by day were immediately observed. 
During the first flight it seemed impossible to 
keep the airplane on a course corresponding to 
the interlocking dash signal. No sooner was 
this signal received when it would change to 
the letter À or letter N. No amount of mani- 
pulation of the airplane would improve the 
situation. The dash signal would come and go 
at intervals of a few minutes. Its soon became 
apparent that at this distance which was about 
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ninety miles, no accurate fixed course existed 
but that the equisignal zone was moving about 
in an indefinite way. 

This disconcerting effect indicated that a 
study of the phenomenon must be made, and 
several night flights up to distances of 175 miles 
from the beacon were undertaken. In every 
case the shifting of the zone or course was 
noticed. The general results secured from five 
flights made at an average altitude of 2,000 feet 
may be stated as follows : 

1. Within 25 miles of the beacon the shifting 
was not of a serious nature. 

2. At 50 miles the shifting became pro- 
nounced but due to the zone being stationary 
in its proper position for possibly 75°/, of the 
time, the beacon could still be depended upon. 

3. At a distance of 100 miles the shifting 
became very. pronounced and persisted for 
more than 50 °/, of the time. 

4. At 125 miles the beacon was of no further 
value as a guide. 

S. The shifting of the zone was gradual so 
that at first one would be inclined to think it 
due to the movement of the airplane. 

6. lt appeared that the topography of the 
country between the beacon and the airplane 
exerted a considerable influence on the extent 
of the variation. 

7. Exceptional variations in shift over as 
much as 100 degrees in azimuth were noted, 
but in general the change was confined to 
within possibly 25 degrees. 

8. Beyond 15 miles the fading of the 
general level of signal received was very severe 
during flight over mountains. Several variables 
being involved, no conclusions have been 
reached as to the relative contribution of each 
factor, except that more steady signals were 
observed at fixed points on the ground than in 
the air, at similar distances from the beacon. 


A few observations of the Bellefonte beacon 
at night have been made on the ground at 
Washington. While present, the shifting pheno- 
menon was less pronounced than that observed 


in the air. On a night flight from Harrisburg - 


to Washington no shifting of the zone was 
noticed, using signals from a beacon at College 


Park, Md. As there are no marked mountain 
ranges near College Park, these observations 
would indicate that topographical features have 
an important bearing on the matter of these 
variations. 

To shed further light on the question, two 
sets of night-time measurements on the Belle- 
fonte beacon have recently been made, one at 
a point 22 miles and another 32 miles distant, 
both locations being in mountainous territory. 
Records obtained with a graphic field intensity 
recorder were made of signals using both a 
vertical antenna and a coil antenna placed in 
a vertical plane extending towards the beacon. 
Ratios of the variability to average field 
intensity were observed to be, 


at 22 miles with coil antenna . 0.25 
» vertical antenna. 0.00 
at 32 miles with coil antenna . 0.44 
» vertical antenna. 0.07 


Ratios of the variability to the maximum field 
intensity were observed to be, 


at 22 miles with coil antenna . 0.43 
» vertical antenna. 0.05 

at 32 miles with coil antenna . 0.56 
» vertical antenna. . 0.1 


Rotating the coil antenna around its vertical 
axis so as to receive minimum signal showed 
a variation in the direction of the arriving field 
as large as 30" over a ten minute interval. 

In closing I might mention that although the 
equisignal zone ordinarily remains stationary 
in its correct position during daylight hours, 
sudden shifts of a few moments duration have 
been noticed in the mountainous country, parti- 
cularly when flying down river valleys at alti- 
tudes of 1,000 to 1,500 feet. 

It is hoped that this brief outline of these 
few preliminary observations made by the staff 
of the Bureau of Standards, will serve to 
focus attention on the performance of this type 
of radio beacon so that its limitations as a guide 
for flights at night may be studied and practical 
information secured whereby these performance 
characteristics and the conditions influencing 
them may become better understood. . 


October 12, 1927. 


r 
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A Radio Frequency Oscillator 
for Receiver Investigations, 


by GEORGE RODWIN and THEODORE А. SMITH, 


Technical and Test Department, Radio Corporation of America 
(New York, N. Y, U. S. A) 


А modulated radio frequency oscillator forms 
a piece of apparatus which is extremely useful 
in an experimental laboratory. By incorporating 
a number of special features, such an oscillator 
can be made very flexible and its uses varied. 

The equipement to be described was original- 
ly built in connection with work done in deter- 
mining certain radio receiver characteristics (1). 
The oscillator has also been used for providing 
known fields in the measurement of field inten- 
sities, determining coil resistance and induc- 
tance, lining up radio circuits, and for other 
general laboratory purposes. 

The design was such as to satisfy as far as 
possible the following requirements : 

1. The oscillator output should be widely 
variable without any appreciable change in fre- 
quency. 

2. A means for reading the output should 
be provided. 

3. The frequency should be variable over a 
given range (such as the broadcast band) and 
the calibration should be maintained. 

4. At any frequency setting, it ‘should be 
possible to vary the frequency in small conti- 
nuous steps to either side of the setting with 
a fair degree of accuracy. 


5. Modulation should be obtainable up to 
at least 50°/, with means for indicating con- 
tinuously the percentage of modulation. 

6. The stray field from the apparatus should 
be low compared to the field produced by the 
known radiator used. 

7. Mechanical details should be such as to 
enable the operator to take data quickly and 
easily. | 

The apparatus to be described meets these 
requirements satisfactorily. Many details have 
been thoroughly developed and retained in this 
device, with the result that the oscillator may 


(1) Proceedings of the Institute of Radio Engineers, vol. XV, 
n? 5, May 1927, p. 389. 


appear rather large and bulky. However, when 
it is considered to what varied use it may be 
put, its large size is justified. 


ELECTRICAL CONSTRUCTION. 


The complete apparatus consists of a mo- 
dulated oscillator-power amplifier arrangement, 
with an output and measuring circuit. А sche- 
matic diagram appears in Fig. 1. 


General Circuits. — It was found that the 
master-oscillator-power amplifier method for 
the generation of radio frequency currents had 
several advantages over the use of a simple 
oscillator. The oscillator employs a UX — 201A 
tube in an ordinary Hartley circuit. А grid 
condenser of 500 micro-microfarads with a grid 
leak of 20,000 ohms gives sufficient constancy 
of frequency for small variations in filament 


Indicator 


Fic. 1. — Schematic Diagram of Modulated Oscillator-Amplifier. 


and plate voltage, without greatly reducing the 
radio frequency output. For the broadcast band, 
an inductance of 82 microhenries with a 
variable condenser of 1,000 micro-microfarads 
maximum capacity forms the tuned circuit. The 


variable condenser, which is of the straight line 


frequency type, is purposely made large, so 
that only .the really straight portion of its fre- 
quency calibration is normally used, while still 
maintaining a three-to-one range in frequency. 
In order to minimize the effect of tube capacity 
in different tubes on the frequency calibration, 
a small fixed condenser of about 60 micro- 
microfarads capacitance is placed in parallel 
with the main tuning condenser. This addition 
was found to improve the frequency-setting 
relation of the main control. Figure 2 shows 
this relation for the apparatus constructed. 

A mechanical arrangement is employed for 
varying the frequency in small steps. This 
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device is explained in detail below. Frequencies 
in steps of 1,000 cycles up to 8,000 cycles to 
either side of a given frequency can be obtained. 
The calibration of this adjustment was carried 
out as follows : 

With the vernier control at its zero position, 
a zero beat is produced in a radio receiver with 
a separate external oscillator, the frequency of 
which is known to be constant over the period 
of the calibration. When the vernier is moved 
off its zero position, a beat note will occur, 
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Fic. 7. — Apparatus Frequency. — Setting Relation. 


which is compared with a calibrated audio fre- 
quency source, adjusting the pitch of the beat- 
note so that it is equal in frequency to the 
known audio frequency. This operation was 
repeated for a number of frequencies up to 
8,000 cycles to either side of the vernier zero 
position. 

Since the vernier control is constructed so 
as to move the tuning condenser a constant 
amount, in angular motion, for a given rotation 
of the vernier, and since the variable tuning 
condenser has a straight line frequency charac- 
teristic, the calibration of the vernier will hold 
for all radio frequencies. This was checked by 
repeating the above beat-note comparisons for 
various condenser positions and the vernier 
calibration was found to be practically constant 
over the whole frequency range. 

The radio frequency power amplifier has its 
grid circuit coupled to the oscillator circuit 
by means of an untuned inductance. Two 
UX — 112 tubes are employed in parallel and 
these are neutralized. The power amplifier is 
operated as a « proper amplifier » and its grid 
excitation is such as to obtain maximum output 
under these conditions. The amplifier plate 


circuit is tuned by a condenser placed on the 
main tuning condenser shaft. 

The output circuit is coupled to the amplifier 
plate coil, 
variable for output control. [t was found desi- 
rable to have quite a large range of output — 
at least 5,000 to 1 in current. The combination 
of a radio frequency current transformer, 
thermo-couple milliammeter and switching 
arrangement has been found satisfactory for 
providing and metering such a widely varying 
output. 


Current Transformer for Provision of Va- 


rious Output Currents. — The current trans- 
former for radio frequencies (1), in the form 
employed in this apparatus, has an iron core 


of 10 mil (0.0254 centimeters) toroidal silicon 


steel laminations, 9/16 inch (1.43 centimeters) 
thick, 2 inches (5.08 centimeters) outside 
diameter, and 1 inch (2.54 centimeters) inside 
diameter. The core is covered with insulating 
oiled silk andone winding of 100 turns is 
evenly spaced over this core. The other winding 
of either 1 or 10 turns is looped through the 


hole in the toroid. Wood blocks keep the. 
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Fic. 3. — Current Transformer (ог the Measurement 
of Output Currents. 


windings well spaced from one another so as 
to reduce capacity effects between the windings 
and maintain the current ratio. The construction 
is shown in Fig. 3. 


(1) D. W. Dye, Measurement of Alternating Electric Cur- 
rents of High Frequency. (Proceedings of Royal Society [of 
Great Britain] A-1914, vol. XC, p. 621.) 

Bureau of Standards Circular 74, p. 153. 

D. W. Dye, Current Transformer Methods of Producing 
Small Voltages and Currents at Radio Frequencies for Cali- 
brating Purposes. (Journal Institution of Electrical Engineers, 
London, June 1925, vol. LXIII, p. 597.) 


its coupling being continuously | 
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Fic. 4. — Complete Circuit Diagram of the Apparatus, 
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It can be shown that the current 
ratio for such a transformer is given 
by an expression of the form ` 


st where I, and n, are the primary 
$3 Current and turns number respec- 
St tively. 
T I, and n, are the secondary cur- 
$e rent and turns number respectively. 
К, and L, are the secondary 
P. resistance and inductance respec- 
i tively. 
e а is a coefficient depending on 
Hi the iron losses, having a value 
usually less than 1. 
When t is small compared to 1, this 
expression reduces to 
L я, 
L я, 


The secondary circuit contains the ammeter 
resistance and, for accuracy of transformation 
this must be made low compared to the 
inductive reactance of the transformer second- 
ary. For the transformer of the dimensions 
given used at frequencies in the broadcast 
spectrum, a 43 ohm thermo-milliammeter 
(0-8 milliamperes) has been found satisfactory. 
The ratio was checked by measuring the cur- 
rents in both windings and an accuracy of 
better than 5°/, was found throughout the range 
of currents and frequencies required. E 

Fig. 4 shows the complete wiring diagram of 
the apparatus and from it may be seen the 
method of using the current transformer. A 
six-pole, five point switch allows the meter to 
be used in either the primary or secondary of 
the current transformer so that current ratios 
of 1-100, 1-10, 1-1, 10-1, or 100-1 may be 
obtained between the meter circuit and the load 
or radiating loop circuit. The capacity between 
various switch parts has been kept low. In 
addition, the effects due to any undesirable 
capacities are minimized by the use of low 
impedance load and metering circuits. 
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Provision of Known Fields. — The radiating 
loop with a known current in it may be used 
to induce an easily calculated voltage in a 
second loop having a known mutual inductance 
between loops. Known field intensities in a 
plane x centimeters from the loop and parallel 
to the plane of the loop can be calculated from 
the field H which is | 


B гта"т 5 
~ 40 (x? + a?) 


gausses 


The field intensity in rois = 300 H. 


Thus, 
E = 18850 


а? іп 
where a is the radius of the loop іп centimeters. 

i is the loop current in amperes. 

n is the number of turns on the loop. 


х 10? microvolts per meter 


If the plane in which it is desired to know E- 


is at an angle to the plane of the loop, the field 
intensity may be calculated from the above 
expression, introducing a factor of the cosine 
of the angle between planes. Field intensities 
ranging from ten to one million microvolts per 
meter are readily obtained in this manner. 


Modulation. — The conventional plate circuit 
choke coil method is used for modulation, two 
UX — 112 tubes controlling both master- 
oscillator and power amplifier. This system has 
been found satisfactory for the purpose. Fairly 
high degrees of modulation are obtainable. The 
relation between input voltage and percentage 
modulation has been found linear up to 70 ^/,. 
For measuring the percentage of modulation, 
the ordinary method of measuring the audio 
frequency voltage across the modulation reactor 
and comparing this value with the direct current 
plate voltage of the oscillator and modulator 
will not apply. This is due to the fact that both 
the oscillator and radio frequency amplifier are 
being modulated. The cathode ray oscillograph 
has been used for modulation-percentage deter- 
mination. One set of the oscillograph plates is 
excited from the voltage induced in a pick-up 
coil coupled to the radiating loop. The oscil- 
lator is modulated from an audio frequency 
source. The other set of oscillograph plates is 


supplied with voltage from the same audio 
source. [n general, the resulting oscillograph 
figure is a trapezoid. The various forms it may 
take are shown in Fig. 5. 

Using the symbols of Fig. 5, the modulation © 
is given by = х 100 ?/,. But m == ot. and 


х= therefore modulation = 22 x 100 ?/,. 

As an indicating device, a UX — 201A tube 
is employed with its normal plate current biased 
to practically zero and its grid excited from the 


audio voltage developed across the modulation 
reactor. The plate circuit of this tube contains 


t edhe tron MU Module tion 


4—07) — 4—27) 


Fic. 5. — Cathode-Ray Oscillograph Figures 
used in Modulation Percentage Determination. 


a 0-2 milliampere ammeter the scale of which 
has been calibrated directly in modulation 
percentages using the oscillograph method 
described. А radio frequency choke and by-pass 
condenser prevent the radio frequency voltage 
from affecting the indicator tube reading. With 
the radio frequency amplifier tubes operating 
properly and the circuits equalized, the modu- 
lation indication is practically constant with 
varying radio frequency. 

А two-stage resistance-coupled amplifier sup- 
plies sufficient voltage to the modulator grids. 
Its characteristic is practically flat over a wide 
range of audio frequencies. 


Equalization of Output Current. — The radio 
frequency output current was found to vary 
considerably with frequency and a constant 
output was believed to be desirable. À means 
for correcting this fault to a considerable extent 
was devised. This consisted of placing suitable 
fixed resistances across both the radio fre- 
quency amplifier coupling coil and its output 
coil. The variation of output current in the 
radiating loop was thus made less than 15 °/, 
for a constant output coupling setting over the 
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frequency range. These resistances were also 
found to lessen the effect of the tuned circuit 
on the audio characteristics. 

Overall audio frequency characteristics from 
audio amplifier input to modulated radio fre- 
auency output are shown in Fig. 6. The data 
for these curves was taken by rectifying some 


| FREQUENCY CYCLES PER SECOND 


FıG. 6. — Overall Audio Frequency Characteristics 
of the Apparatus. 


of the voltage picked up with a biased detector 
tube and observing the audio frequency output. 
A slight effect of resonant circuit selection still 
remains, but this is not of any considerable 
magnitude and can be allowed for in exact 
measurements. 


MECHANICAL CONSTRUCTION. 


Tuning and Vernier Controls. — The oscil- 
lator and output tuning condensers are both 
mounted on the same shaft and are controlled 
from a single dial on the front panel. A friction 
cam arrangement has been found suitable for 
vernier adjustment. This consists of a lever and 
friction plate on the main shaft and a cam on 
a separate vernier shaft. The end of the lever 
arm bears on the cam and is held in position 
by a strong spring. Any movement of the 
vernier shaft will cause the lever to move either 
up or down a small amount and, since the 
friction plate is now bound to the main shaft, 
the main tuning condensers will move a small 
amount. The main tuning shaft can be moved 
without disturbing the vernier arrangement, 
since the friction plate will slip and the vernier 
lever arm will remain fixed due to the combined 
action of the spring and the cam rest. The 


criterion of whether such a system will operate 
is that the force required «о move the friction 
plate over its bearing should be greater than 
the bearing friction in the tuning condensers. 
In practice, this is easily accomplished. The 
details may be seen in figures 7 and 8. 

The whole apparatus is mounted in a double 
copper shielded box. The front panel and base 
board have been made removable as a unit for 
convenience. The various units, such as audio 
frequency amplifier, oscillator, radio frequency 
amplifier, and output circuit, are shielded from 
one another. The details may be seen in 
figures 9 and 10. The grid batteries are located 
in a separate compartment, but the filament 
battery of 6 volts and the plate battery of 
135 volts are located outside the shielded box. 
Radio frequency filters in the battery leads 
prevent radiation from these. ~ 

The thermo-milliammeter for the measure- 
ment of output is placed externally near the 
apparatus, a twisted pair of leads of short 
length being used for connections. 

In conclusion, we desire to mention that this 
design was carried out under the direction of 


Friction plate 


Main tuning control dial has 
100 divisions 9s? kilucycles 


per division Vernier tuning contro! 


dial —8to +8= 16 kili- 
cycles on main dial. 


Fic, 7. — Cam and Lever Used for Vernier adjustement. 


Mr. Julius Weinberger, whose suggestions were 
very valuable in the development of the 
equipment. 


SUMMARY. 


A modulated radio frequency oscillator is 
described. This apparatus incorporates a means 
for obtaining radio frequency outputs of widely 
varying range, a metering system, a means for 
changing the generated frequency in small 
steps to either side of a given frequency, and a 
modulation and indicating system. 
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The effect of Retroaction 
on the Received signal strength ('). 


by BALTH. VAN DER POL, D. Sc. 
(Eindhoven-Holland) 


The considerable increase in signal strength 
obtainable through the use of retroaction (feed 
back) is well known. It is also common know- 
ledge that this increase in signal strength is con- 
siderably greater when originally the incoming 
signal is weak than when it is strong. It is the 
purpose of this paper to provide a non-linear 
theory of this effect of retroaction and the 
experimental verification thereof. 

Suppose a triode system of one degree of 
freedom, as in Fig. 1 given, where L, C, r form 


= 


г" 
^ 0-0 0 


ои 
E сіп соё 


Fic. 1. 


the tuned circuit and the mutual induction M 
provides the retroaction. 

Let further an E. M. F. E ѕіпо, і, repre- 
senting the « incoming signal » act on the 
oscillatory system. Neglecting the grid current 
and calling the current in the LCr circuit i, 
and the deviation of the anode current from its 
steady value i, and the alternating grid P. D. 
vg we have 


di . 4 (i dt, : | 
prts idt — M – = Esin of, (1) 


Е Lt = Ug. (2) 


In the « tuned grid » -circuit, the variations 
of anode potential are usually small compared 


(*) Paper read at the Meeting of the U. R. S. I. at 
Washington D. C., October 1927. 


with the variations of the grid potential, so that 
as a first approximation, the anode current 
variation i, is a function of the grid potential 
variation only, i. e. 

lu = f (а) (3) 


In order to avoid complexity we neglect the 
grid current and we therefore imagine a negative 
grid bias to be provided. Our system of coor- 
dinates in the i,, v, plane is therefore as 


shown in Fig. 2. This differs from the usual 
notation in so far as the zero point of the coor- 
dinate system is shifted towards the steady d. с. 
position round which the oscillations occur. 
Equation (3), representing the curved anode 


la? 91 Уа+52Уд 2- 93Vv93 


Fic. 2. | 


current -grid potential characteristic of the 
triode, we approximate by the cubic : 


іа == 900 4 9,202 — 5,08 (За) 


where S, is the usual « mutual conductance » 
for infinitesimal grid potential variations. S, 
and S; are further determined by the form of 
the characteristic. Аз the latter bends round 
both at the top and at the bottom we write 
in (За) — 5,2? in stead of + S,v?. 

The elimination of i and i, from (1), (2) and 
(3a) results in : 


e B и tUm 
L LC Lc не“ e 7 а (и 


+ wiv, = w E sin «f. 
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where 


Ww = x 
"^ LC 
‘Calling further 
r MS, 
To — — = — 4 
L LC : 
MS, 
LC В, 
MS _ 
LC =J 


(4) becomes 
v, + (— a — Во, + 3Y vj) v, + wv, = e$ E sin wt, (4a) 


which is a non linear inhomogenous diffe- 
rential equation of the second order with non 
linear resistance terms. 

The usual elementary approximation of a 
linear characteristic would make 8 = y = 0 
and for resonance (i.e. о? == w?) and critical 
retroaction (i.e. « = 0) the developing grid 
p.d. v, would become infinite. [n order to 
obtain a satisfactory theory of the response of 
a retroactive triode system to an impressed 
E. M. F. a non linear problem must therefore be 
solved. 

The equation (4a) was fully considered in a 
former paper (*); from the results obtained 
there it follows that the steady state solution 
in the neighbourhood of resonance 


(| Wy — ©, | < є) 
can be written : 
v, = b sin (wl + 9), 


where the amplitude b of the resulting grid 
potential variation is given by : 


0? | Ао — ен): + | а — : or) | = we E: (5) 


a cubic equation in b°. It is further seen 
from (5) that the asymmetrical term in (4a) 
(with 2) (which determines the detection) has, 
in the first approximation here considered, no 
influence on the resulting v,. Therefore as a 
first approximation detection has no effect on 
the h.f. grid potential difference developping 
under the influence of an incoming « signal ». 


(*) Phil. Mag., 3, 65, 1927. 


. given by 


Further, if (5) is compared with the usual 
linear case as represented by 


P f A(w, — оу + a2} = wi E? 
it follows that in the non-linear case (а — | y b?) 


is substituted for «, i.e., the system behaves 
as if for the resistance 
r 


„а new resistance r' were substituted of a value 


purs os), © 


which therefore depends upon the amplitude b 
present already in the system (*). 


When the retroaction is pushed so far that 


T >, | (1) 
it is seen from (6) that the first order diffe- 
rentia] resistance of the system becomes negative 
and therefore the system has the tendency to 
oscillate spontaneously. However, as was shown 
in the Phil. Mag. paper quoted above, the forced 
oscillations may suppress the development of 
the free oscillations which phenomena manifests 
itself through the presence of a « silent region » 
extending at both sides of resonance. As was 
shown by Prof. Appleton (**) the width of 
this silent region is determined by the amplitude 
of the incoming signal. For strong signals this 
width is given by 


s „БАЈЕ. 
Wo a 


It is of interest to investigate the resultant 
grid amplitude b if 


(8) 


a, the system is tuned exactly to reso- 
nance, i. e. 


Wo == о;, 


and b, it is brought on the verge of free oscil- 
lation, i. e. when 


S,M == Cr. (9) 
(*) This property of the non-linear system was first derived 
in 1920, see : Balth. VAN DER Por, Radio Review, November, 
December 1920. | 
(**) E. V. APPLETON, Proc. Camb. Phil. Soc.,23, 231, 1923. 
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For this case we at once obtain from (5) 


LP + о,Е, (10) 


which expression will now Бе considered іп 
detail. 

Firstly it follows from (10) that the resulting 
grid amplitude is proportional to the cube root 
of the E. M. F. acting on the system. 

Further it is easy to assign an approximate 
value to у directly from the triode characteristic. 

Referring to (За), (4a) and Fig. 2, and taking 
the symmetrical case for which S,= 0, it 
follows that a good approximation to 5; can 
be found from the maximum and minimum 
value of the cubic (3a), for ie == ia max. when 
vi = 35, j 

Calling therefore the grid voltage change 
necessary to bring the anode current from zero 
to its saturation value the « grid space » and 
designing it by V, (see Fig. 2), we obtain. 


hence 


But, when the system has critical retroaction 
(9) obtains, i. e. 


hence 


— € 


When we further call vg, the grid voltage 
amplitude which would be obtained with no 


retroaction at all (M = 0) or (which is the same · 


thing) with dimmed filament, we find from (5) 


oL? 


Vp = А E, 
hence we obtain from (10) : 
D = Од ° Vii 
Or | 
b = V vy: У (12) 


reading in words : | 
The grid amplitude developping in resonance 
and with critical retroaction equals the cube root 


of the product of the grid amplitude which 
would be obtained with no retroaction at all, 
and the square of the « grid space » Мр, as 
defined by Fig. 2. 

(12) can further be written : 


° 2 
OM Cd 


which means that : the amplification obtained 
through retroaction equals the two third power 
of the ratio of the « grid space » Vg, into the 
amplitude obtained with zero retroaction. The 
much greater gain obtained through retroaction 
with small signals than with stronger ones is at 
once apparent by (13). 


Some measurements provided a very satis- 
factory experimental verification of the theory 
outlined above. 


The measurements were taken with rela- 
tively low frequency, thus avoiding obvious 
errors. That the results are however equally 
applicable to high frequency circuits follows 
at once from the following theorem : 

If a model is made of а high frequency 
system consisting of linear inductances, linear 
capacities and non linear resistances (e. g. 
triodes) and if the values of all the inductances 
(self and mutual) and capacities in the model 
are made n times these values in the original 
high frequency system, but if the resistances 
(linear and non-linear) in the model are made 
équal to the resistances in the original circuit, 
the currents and potentials occurring in this 
model will be equal in magnitude to the currents 
and potentials in the original high frequency 
system but, considered as a function of the 
time, they will vary n times slower (*). 

Therefore the natural periods of the model 
will be n times those of the original system, and 
the building up and decay of currents in the 
model will also occur n times slower. 


This simple theorem at once follows from a 


(13) 


(*) Incidentally in this model system the stray capacities 
are reduced n times in magnitude. Therefore, in order to 
investigate the effect of a specified stray capacity in the 
original high frequency circuit it is only necessary to insert 
at its place in the model circuit a capacity n times the original 
stray capacity. 


Ра 
DJ 
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dimensional consideration of the coefficients 
such as 

Мо, 

о) 


occurring in the differential equations, be- 
cause e. g. 


Го = [а . ad etc. 
n 


In fact, with a system having a natural fre- 
quency of 500 Hertz and with critically adjusted 
retroaction it often took a minute for the free 
oscillation of the triode system to reach its final 
value, hence it was not easy to decide, before 
the external E. M. F. was applied, whether 
the retroaction was exactly critical or not. 
Therefore an intermediate way was chosen and 
a model of a receiving set was made having a 
natural frequency of 15,000 Hertz. 


Four sets of readings were taken (*) 
with a standard triode (tungsten filament 
У; = 4.0 volt, saturation current 11 mA., anode 
potential varying between 100 and 200 volts, 
negative grid bias varying between — 4.5 and 
— 7.5 volt). 

The applied E. M. F. E sin »,¢ was varied 
between 2.10— and 10— 2 Volts, the resulting 
alternating grid voltage vg, with no retroaction 
varied between 100.10—6 and 0.5 Volts, and the 
resulting alternating grid voltage b with critical 
retroaction varied between ca. 0.2 and 4 Volts. 
The exponent S in the formula 


b = (Ур · За)“ 


which, according to the above theory, should be 


S — 0.33 
was found from the four sets of measurements - 
to be 
S — 0.36 
0.36 
0.36 
0.39 


Mean : 5 = 0.35 


(*) The experiments and calibration of the necessary ampli- 
fiers were performed, by MM. K. PosrHUMUS and R. VELD- 
HUYZEN. Care was taken that the « receiver » did not react 
on the « transmitter ». 


while the « grid space » Vg, calculated from 


these measurements was 


V= 26 Volts 


Mean : V» = 22 Volts, 
as compared with the value 
Vo = 27 volts 


obtained directly from the characteristic. 


Especially the experimental value for the 
exponent S fits in well with the theoretical 
value; provided only those parts of the charac- 
teristic are considered for which no oscillation 
hysteresis occurs. The representation of the 
ta, Vg characteristic, by a cubical parabola, 
with three constants S,, S, and S, only, ob- 
viously cannot yield very accurate values for 
Ve. obtained е. g. with the aid of a voltage 
swing of not more than 0.35 Volts. 

Therefore, there is no doubt that for all 
practical purposes the theory expounded above 
fits in well with experiment. 

. Finally we give some practical figures calcu- 
lated from formula (12) with the following 
data : 


ME Apon 
; alt. gri obtainable 
force Æ grid voltage volt. à, through cri- 


with no 
retroaction (vg). 


working in 
grid circuit. 


with critical | tical retroac- 
retroaction. | tion (5/vg1). 


107 Volts. 


0,04.107? Volts. |o,31 Volts. | 7,700 
10-5 » 0,4 .107° » 0,66 » 1,600 
10-4 » 4,0 .107? » 14 > 360 
107? » 0,04 » 3,1 > 77 
107? » 0,4 | » 6,6 » I6 . 


Physical Laboratory 
of Philips! Glowlampworks Ltd. 
Eindhoven (Holland). 
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The navy's primary frequency 
standard (1), 


by ROBERT H. WORRALL and Raymonp B. OWENS, 
Naval Research Laboratory, 


Washington (D. C., U. S. A.) 

Synopsis. — In this paper is described a 
constant frequency source which is used as the 
Navy's primary working standard of frequency. 
This frequency source is a crystal controlled 
oscillator of special design which was developed 
at the United States Naval Research Labora- 
tory, Washington, D. C. This oscillator employs 
a type of circuit which is rich in harmonics, 
over 200 of which may be used as fixed 
standard frequencies. 

It also describes in detail the method employ- 
ed to determine the fundamental frequency of 
this standard in terms of Naval Observatory 
time to an accuracy of about one part in 100,000. 
The ultimate standard of frequency is therefore 
the mean solar day. 


History. — Several years ago when the Navy 
began to experiment with high frequency conti- 
nuous wave radio communication, the Navy 
standard of frequency was an absorption type 
of wavemeter. It consisted of a precision con- 
denser and a number of coils designed to have 
a constant inductance and a low radio-frequency 
resistance. А resonance indicator, if desired, 
could be loosely coupled to this circuit. This 
standard wavemeter was calibrated by means 
of the multi-vibrator or other oscillator whose 
output was rich in harmonics. The multi- 
vibrator in turn was adjusted to resonance 
with a standard 1,000 cycle tuning fork. By 
this means the wavemeter calibration could be 
maintained by frequent checking to an accuracy 
of one-tenth of one percent. For spark and low 
frequency continuous-wave transmission, pre- 
cision of this order was satisfactory. 

One of the first results of the advent of high 
frequency transmission was to indicate the 
inadequacy of a frequency standard the cali- 
bration of which might be in error by 0.1 ^/, 
in either direction. For at a frequency of 
10,000 kilocycles, this would mean a possible 
error of 10 kilocycles, plus or minus. Thus at 


(1) Read by Dr. L. P. Wheeler. 


this frequency a transmitter would occupy a 
band 20 kilocycles wide, which would increase 
interference between stations, or greatly de- 
crease the number of communication channels 
by requiring a greater separation in kilocycles 
between assigned frequencies. Naturally a 
service wavemeter calibrated from this standard 
might conceivably be in error by a much larger 
percent than the standard itself. 


Therefore there was presented to the Naval 
Research Laboratory for solution a three-fold 
problem : 1° to develop for the Naval service 
a frequency standard whose constancy should 
be as nearly absolute as possible; 2° to provide 
a means of obtaining direct from this standard 
a large number of fixed frequencies for cali- 
bration purposes; 3° to develop a method for 
determining the frequency of this standard 
in terms of observatory time to better than 
0.01°/,, and as near 0.001 °/, as possible. 


Crystal controlled oscillators. — The appli- 
cation of the piezo electric properties of quartz 
crystals to control the frequency of vacuum 
tube oscillating circuits, regardless of small 
changes in capacity or inductance, suggested a 
crystal controlled oscillator as the solution to 
our first problem. After experimenting with 
different types of circuits and making a number 
of refinements in crystal holders a crystal con- - 
trolled oscillator was developed which with 
automatic temperature control was found to 
give an output of practically absolute constancy. 


Tests have shown that the combined effect 
on the frequency of the standard oscillator 
caused by a five percent change in plate voltage 
is less than 0.001 °/,. A ten percent change in 
filament voltage produces no noticeable change 
in frequency. Changing from one tube to another 
of the same type produces a change in frequency 
varying from zero to a maximum of about 
0.002 °/,. On account of the lack of uniformity 
in tube constants, several tubes that give the 
same frequency as the oscillator tube used in 
the calibration are kept as spares, which prac- 
tically eliminates the error due to tubes. The 
temperature coefficient of the standard crystal 
in its holder is less than one part in one hundred 
thousand per degree centigrade. 
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Types of circuits. — One type of circuit 
used in the preliminary work was that shown 
in Fig. 1. This tuned plate circuit (1), using a 
small inductance and a relatively large capacity, 
gives maximum output on the fundamental 
frequency and a rapidly diminishing amount 
of energy on the harmonics. In other words, 


Fic. 1. Fic. 2. 


this is a transmitter type of circuit, and onlv a 
few harmonics could be used for calibration 
purposes. This circuit was therefore modified 
with the purpose of reducing the strength of 
the fundamental and intensifying the harmonics, 
so that each multiple of the crystal frequency 
could be used as a standard frequency. This 
modification consisted in replacing the tuned 
plate circuit, with a very large inductance 
having a small distributed capacity and no 
condenser across the coil. (See Fig. 2.) This 
untuned coil must have a natural frequency 
higher than the crystal fundamental; that is, it 


Zmpe dance 


Fic. 3. 


must be an inductive reactance at the crystal 
frequency to give the feed-back in the right 
phase relation to the grid potential to sustain 
oscillation. 

To bring out more clearly the difference in 
the strength of harmonics in these two types 
of plate circuits, it may be stated that the amount 
of radio frequency current in the plate circuit 

| of an oscillator on a given harmonic frequency 


(1) Developed by Dr. J. M. Miller. 


depends greatly on the ratio of the external 
impedance at this frequency to the internal 
plate impedance of the tube. When these 
impedances are about equal for a given fre- 
quency, we get the maximum energy on this 
frequency. If the external circuit impedance is 
small compared to the tube impedance at a 
given frequency the energy radiated at this 
frequency will be correspondingly small. 

Now the tuned circuit with a low L/C ratio 
gives an external impedance of about the order 
of the tube plate impedance, or greater, over a 
narrow band of frequencies. (See Fig. 3a.) For 
instance, the external impedance is relatively 


Amore 


very small at a frequency five times the crystal 
fundamental. Therefore this harmonic would 
be very weak in comparison with the energy 
radiated on the fundamental frequency. 

On the other hand, a coil with a large L/C 
ratio gives an impedance curve that is very 
broad, indicating that the strength of the fund- 
amental and of a large number of successive 
harmonics will be of the same general order, 
as indicated in Fig. 3b. 

This oscillator may be considered as a very 
low power crystal controlled transmitter radia- 
ting.on perhaps two hundred frequencies each 
one of which is an integral multiple of the 


 erystal fundamental frequency. 


To make use of all these harmonics, as in the 
calibration of heterodyne frequency meters, it 
is necessary to couple this oscillator, as well as 
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any oscillator to be calibrated from it, to a 
detector and amplifier. The crystal oscillator 
and the detector and amplifier are built 
into a single unit, which with the automatic 
temperature control device is called the Crystal 
controlled standard oscillator. (See Fig. 4.) 
The input of the detector is untuned and the 
coil is designed to respond to all frequencies 
without any adjustments. [n practice, the coupl- 
ing is fixed between the crystal oscillator circuit 
and the detector coil, and a coupling wire 
is run from the detector sufficiently close to 
the oscillator under calibration for coupling 
purposes. When the heterodyne frequency 
meter (or other type of continuously variable 
oscillator) is adjusted to within an audible 
frequency of any harmonic of the crystal oscil- 
lator, the beat note between these is rectified 
by the detector and amplified by one or two 
stages of amplification. | 

The decrease in beat note strength between 
the successive harmonics of the crystal fund- 
amental frequency and another oscillator is too 
slight to notice. The signal produced by the 
hundreth harmonic is of the same general order 
of audibility as that caused by the fiftieth, and 
the two hundredth harmonic gives a note of 
easily readable strength. This device is portable 
as illustrated in Figs. 5 and 6. At the Naval 
Research Laboratory the frequency of the 
standard crystal is 25 kcs. From this one crystal 
and the associated circuits, as just described 
standard frequencies are obtained every 25 kcs 
up to 5,000 kcs. For a high frequency range, 
another standard is provided with a crystal of 
a frequency of 250 kcs. These two frequency 
standards enable us to cover the entire radio 
frequency scale. 


CALIBRATING THE STANDARD OSCILLATOR. 


General description of the method used. — 
Now that a constant frequency source had been 
developed, capable of giving approximately 
two hundred points for calibration purposes, 
the final problem was to provide a means of 
determining the frequency of this standard to 
as near 0.001 °/, as possible. 

The method that was finally decided upon 
lends itself particularly well to the calibration 


of low frequency sources, such as the 25 kc 
standard, but it is not limited to any such fre- 
quency. In brief, the method employed makes 
use of a motor-driven generator whose fre- 
quency is varied until some harmonic of the 
generator output gives « zero beat » with the 
fundamental of the crystal oscillator. Then the 
generator is operated at this exact frequency 
for some minutes during which time a record 
consisting of a dot per second is imprinted upon 
a sheet of paper on a revolving chronograph 
drum thru the medium of a striker actuated by 
an electrical circuit operated by a standard 
chronometer. From the slope of the lines of dots 
thus made on the chronograph drum, the fre- 
quency of the generator is very accurately 
determined. This frequency, multiplied by the 
number of the harmonic of the generator which 
was adjusted to the « zero beat » with the 
crystal oscillator, gives the frequency of the 
oscillator itself. 

To make clear how the method works out 
in practice, a more detailed description of the 
apparatus and procedure follows : 


Apparatus used in the calibration 
of the 
Crystal controlled standard oscillator. 


1) А 500 cycle motor generator. 

2) А very accurate chronometer. 

3) А chronograph. 

4) А Maxwell Bridge Circuit. 

5) А circuit for the suppression of the 
500 cycle fundamental of the generator 
and the accentuation of the harmonics 
of the 500 cycle fundamental. 


6) А special amplifier. 


1) The motor generator outfit consists of a 
five horse power D. C. motor connected by a 
heavy fly wheel to an alternator type 500 cycle 
generator, operated on a high capacity 110 volt 
battery. (See Fig. 7.) 

2) The chronometer is a large Navy standard 
chronometer adjusted and periodically inspected 
at the Naval Observatory. The chronometer is 
checked daily at the Laboratory against the 
standard time signals. The original rate as 
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determined at the observatory was one and 
one-half seconds a day. Our observations cover- 
ing several years show a slight seasonal varia- 
tion in the rate, it being about one second a 
day in summer and one and one-half seconds 
in the winter. À correction chart has been plotted 
showing the rate for any time of the year. But 
when calibrations of the standard crystal are 
being made, the rate is determined from the 
daily check against the time signals. 


3) The chronograph consists of the following 
units; the chronometer, a relay, a striker and a 
drum. The drum, Fig. 8, is a hollow brass 
cylinder about 7" in diameter and 16" long, 
accurately machined and geared to the generator 
by means of reduction gears, giving one rotation 
of the drum to 150 revolutions of the generator 
shaft. On this cylinder is placed a piece of 
paper upon which the striker referred to above 
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Fic. 9. — Maxwell Bridge Circuit. 


makes a record as it moves along the face of 
the drum thru the medium of a worm. The 
striker records a dot upon the paper once a 
second (omitting the 59th second every minute) 
and is actuated by the chronometer. One rotation 
of the generator shaft corresponds to an 
alternating potential output of twenty cycles, 
as can be noted by counting the poles. Now 
when the drum, operated through the reduction 
gear just mentioned, rotates once in exactly 
six seconds, as indicated by six rows of dots 


exactly parallel to the axis of the drum on the 
I50 X 20 


record sheet, the generator frequency is : 


or 500 cycles per second. 
If the rows of dots slope up the generator 
output is less than 500 cycles; if they slope 


' down, it is more. From this chronograph record 


the exact generator frequency during a run is 
determined, as will be explained in detail 
further on. 


4) The Maxwell Bridge, a diagram of which 


Fic. 10. — Crystal Calibrating Circuit. 


is shown in Fig. 9 is used in connection with 


the calibration of the standard crystal as an aid 
in maintaining the speed of the motor generator 
constant at the value desired. 

The condenser shown in one arm, is charged 
and discharged from the battery across the 
bridge by means of a rotating interrupter driven 
from the generator shaft. The commutator 
segments of the interrupter operate thru three 
brushes to charge and discharge the condenser. 

When the bridge is balanced at a given 
generator speed, the slightest variation from 
this speed causes a deflection of the beam of 
light reflected from the galvanometer mirror 
on a ground glass scale. The direction of the 
movement of the light beam indicates whether 
the generator is running too slow or too fast, 
thus enabling the operator to vary the pressue 
on the fly wheel to restore the generator speed 
to the zero beat condition. 

This use of the generator, chronograph and 
Maxwell Bridge was patterned after the 


apparatus used at the Bureau of Standards (1) 


(1) Bul. Bureau of Standards, vol. 111, t 4. 


| 
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for the accurate measurements of small capa- 
cities. | 

5) The method of obtaining harmonics from 
the output of approximately 500 cycles is to 
impress this frequency upon the grid circuit of 


a vacuum tube, the plate circuit of which is rich : 
in the required harmonics. As can be seen from. 


Fig. 10 a tuned resonant circuit in the plate 


circuit partially absorbs the 500 cycle fund- 


amental which, of course, is very strong The 
rest of the circuit consists of a filter designed 
to pass only the high frequency harmonics of 
the generator fundamental. This filter circuit 
terminates in a coupling coil which is coupled 
to a circuit tuned to the crystal frequency. This 
tuned circuit is also coupled to an amplifier by 
means of which the beats between the crystal 
and the generator harmonics are amplified and 
transmitted to the phones. 


6) The amplifier consists of 3 radio stages 
and a detector. 


Making a run. — The frequency of the stand- 
ard crystal is first determined approximately 
by means of a standard Wave Meter. This is 
accurate to about 0.1 of 1 °/,. 

А sheet of paper is placed on the drum and 
the generator started up. After the generator 
has warmed up for about 30 minutes the 


phones from the amplifier shown in Fig. 10 


are plugged into the generator room. The 
operator, with one hand on the Motor Generator 
flywheel varies the generator speed slightly 
from 500 cycles until some multiple or harmonic 
of it approaches the crystal frequency when 
beats are heard in the telephones. The operator 
now adjusts the speed until slow beats are 
heard. With the assistance of the other operator 
the Maxwell Bridge is balanced, which brings 
the light beam to rest on the scale. This is done 
while the first operator is controlling the slight 
changes in generator speed by changing the 


pressure upon the flywheel. 


The only function of the Bridge is to indicate 
to the operator by the direction of the deflection 
of the beam of light whether fast beats in the 
phones represent an increase or a decrease in 
generator speed, so that he may quickly increase 
or decrease pressure on the flywheel to restore 


the generator speed to its proper value as 
indicated by very slow beats in the phones. The 
note in the phones is of the pitch of the genera- 
tor fundamental frequency which fact may 
be made clear as follows : when any harmonic 
of the generator frequency is at zero beat with 
the crystal, the harmonics next above and below 
this one give a beat note with the crystal. If 
the harmonic at 25,000 cycles is tuned to 
the crystal, then the one at 24,500 and at 
25,500 give a 500 cycle note with the crystal. 
Pulses or beats in this note indicate how much 
the 25,000 cycle harmonic differs from the 
crystal frequency. If a few beats are heard on 
the fast side, the generator speed is reduced just 
enough to give the same number of beats on 
the slow side of the zero beat position. А careful 
operator may thus compensate for slight 
changes in beat frequency during a run. 


The operator now controls the generator 
speed to give as slow a beat frequency as pos- 
sible for a few minutes before starting to record 
the run. When he notes that the machine is 
stable enough, he closes the chronometer circuit 
and the striker commences to put a record upon 
the paper mounted on the revolving drum. The 
time required to make a run varies from 8 
to 15 minutes. 


After the run the second operator may make 
a duplicate run upon the same harmonic, and 
then both operators make runs on another 
harmonic. No error due to the human element 
is observable in the results. 


Obtaining the generator frequency. — Before 
removing the paper record from the drum a 
line is drawn on it parallel to the axis of the 
drum. The completed record will contain 
6 parallel rows of dots since the drum makes 
one complete revolution in approximately six 
seconds, depending upon the frequency of the 
crystal. The striker puts a dot on the paper 
every second, while the carriage upon which 
the striker rests advances approximately 1 mil- 
limeter per revolution of the drum. One section 
of a completed record is shown in Fig. 11. 

The method for computing the generator 
frequency is based on the fact that due to the 
number of poles in the generator and the ratio 
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of the reduction gear between the generator and 
the chronograph drum as previously mentioned, 
a rotation of the drum in exactly six seconds 
corresponds to a generator frequency of exactly 
500 cycles. That is. if the six parallel rows of 
dots printed on the drum thru the chronometer 
are parallel to the axis of the drum the generator 
is operating at 500 cycles. 

If the slope of these rows of dots is up, the 
drum has not made a complete rotation in 
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six seconds and therefore the generator speed 
is less than 500 cycles. A downward slope 
indicates more than one rotation of the drum 
in the six second interval or a generator speed 
greater than 500 cycles. 

Assume for example that the the rows of dots 
are parallel to the axis of the drum. Then in 
100 rotations a point on the surface of the drum 
would have traveled 100 times the circumference 
of the drum, 100 X 51.9 cm. This corresponds 
to a 500 cycle generator speed. By a simple 
proportion the generator frequency for any 
slope of line can be determined thus : 


CN:CN + d =: 500: X 


Where C = the circumference of drum. 
N = number of rotations of the drum. 
d — the perpendicular distance between 
the first and the last dot in a 
line. 
X — the generator frequency. 


The d above is the distance that the total run 
varies from being an even number of rotations 
of the drum. If the slope is up, d is negative; 
if down, the sign is positive. 


Example : 
С = 51.9 
N = 100 


d -— 0.3 cm. Slope is up. Therefore d is minus. 
Generator frequency — 499,971 cycles per second. 
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From the measurement of the crystal fre- 
quency by the standard wave meter, its value 
was found to be roughly 25 kc. Therefore it 
must have been the fiftieth multiple of the 
generator fundamental that was held during 
the run at the crystal fundamental frequency. 

The crystal oscillator frequency is therefore 
fifty times the generator frequency or 24,998.55 
cycles. If the generator speed should be 
increased sufficiently, a point will be found 
around 510 cycles where the zero beat condition 
may be again located by means of the phones. 
This is obviously the forty-ninth harmonic of 
the generator adjusted to the crystal frequency 
(510 x 49 — 25,000 approximately). 


Accuracy of the method. — The accuracy of 
a calibration is chiefly dependent on the 
constancy to which the generator frequency can 
be heid. To assist in this, the motor-generator 
is operated on a bank of high capacity storage 
batteries kept in good condition and fully 
charged. The machine is allowed to warm up 
thoroughly before a run is attemped. The 
Maxwell Bridge battery is also carefully 
checked for constant voltage, and the brushes 
and contactor segments in the Bridge circuit 
are kept clean and properly adjusted. As 
previously stated, slight variations in the gener- 
ator frequency can be compensated for by the 
operator, but if the run is noticeably poor it is 
so recorded, or discarded. 

The error arising from the measurement of 
the line d is minimized by determining it for all 
six parallel lines in a record, and using the mean 
as the correct value for d. The resulting error 
does not average more than one part in 200,000. 
The combined errors then, on a good run, are 
well within 0.001 ?/,. This degree of accuracy 
is possible only when the crystal is left 
undisturbed. The accuracy claimed for the 
standard crystal oscillator when used as a 
portable standard is only 0.002 7/,. No error is 
observable due to a probable error in the meas- 
urement of the drum circumference. 

To give an idea of the correspondence of 
different calibrations a table of eight consecutive 
runs on a standard crystal is appended. It will 
be noted that the probable error in the mean 
value is three parts in two and one half million. 
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Table of calibrations. 


Temp. Frequency, 
Date. degree C. cycles. 

8-15-27 38.45 24998.60 
8-15-27 38.45 24998.75 
8-16-27 38.45 24998.71 . 
8-16-27 38.45 24998.73 
8-29-27 38.55 24998.99 
8-29-27 38.55 24998.82 
9- 8-27 38.50 24998.71 
9- 8-27 38.50 24998.63 


Mean value = 24998.74 


Uses of the standard crystal controlled oscil- 
lator. — This standard oscillator is a portable 
device, the size being 8 X 14 x 22 1/2 inches. 
It is simple to use, there being no variables or 
tuning controls. It requires a plate potential 
of only ninety volts, and the heater may be 
operated on the 110 volt line. By its use, 
two hundred or more fixed frequencies equally 
spaced in kilocycles and accurate to about 
0.001 °/, are made available. The permanence 
of the crystal calibration depends only on the 
permanence of the crystal itself. 


This oscillator is used at the Naval Research 
Laboratory to standardize all quartz crystals 
manufactured there. Through the medium of 
a precision heterodyne frequency meter with 
a straight line frequency characteristic a crystal 
of any frequency can be calibrated from the 
standard oscillator to about 0.002 ^/,. 


Furthermore, all heterodyne frequency meters 
for the Naval Service are calibrated directly 
against the harmonics of a standard oscillator. 
Readings may be taken as rapidly as the 
heterodyne frequency meter can be tuned to the 
successive harmonics of the crystal oscillator. 
For very accurate work, readings are taken on 
a beat note of 1,000 cycles (as determined by 
a tuning fork) on both sides of the zero beat 
point. 

The calibration of a heterodyne frequency 
meter can be rapidly checked to determine the 
error at any time, by taking readings on a few 
harmonics of the crystal. For this purpose 


a special type of crystal oscillator without 
temperature control has been furnished the 
Fleet under the name of the « Crystal Con- 
trolled Calibrator », Navy Type : SE 2907. 


The standard oscillator may also be used 


for the inter-comparison of frequency standards. 


One such comparison has already been made 
between the Navy's standard crystal controlled 
oscillator and the Bell Telephone Laboratories’ 
standard tuning fork, to determine the relative 
constancy and the agreement in calibration of 
the two standards. For this test, the Navy 
oscillator was transported to New York City. 
A number of oscillographic records of the 
beat frequency between harmonics of the two 
standards taken at intervals over a period of 
three days indicated that there was no noticeable 
variation in the relative constancy of the two 
sources. The determination of frequency by the 
two standards differed by one part in 80,000 
or 0.0012 °/,. This agreement is considered 
excellent when it is remembered that the Navy 
standard had been taken from Washington to 
New York for the test and that entirely different 
methods were used to calibrate the two 
standards. 


Since this comparison with the Bell Tele- 
phone Laboratories’ standard was made, this 
Laboratory has built four crystal controlled 
oscillators similar to the one described in this 
paper, as a part of a program for the esta- 
blishment of a national secondary frequency 
standard decided upon at a conference in 
Washington in February of this year. This 
conference was attended by representatives of 
the various interested government departments, 
and of a number of the radio manufacturing 
companies. 

It is hoped that, after a determination of the 
frequency of these oscillators at several other 
laboratories has been made, and an average 
result arrived at, that these oscillators may 
serve as useful secondary standards of fre- 
quency for the government and the radio 
industry of the country. 
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The Directional Observations on 
Atmospherics in Japan, 


by EITARO YOKOYAMA and TOMOZO NAKAI, 


Electrotechnical Laboratory, Ministry of Communications, 
Tokyo (Japan) 


I. Introduction. — Since February 1927, 
daily observations have been carried out on the 
directions of such atmospherics as to disturb 
the reception of long wave signals in our branch 
Laboratory at Isohama Town which is situated 
about 100 kilometers north-east from Tokyo 
and facing the Pacific Ocean. Though the 
duration of the observations has been too short 
to reach definite conclusions, we avail ourselves 
of this opportunity to bring the results before 
the Congress. 


II. Apparatus and method of observations. — 
A Telefunken E-276-b type direction finder has 


Magnetic North 


„Реф. 1. Signals of Marenomach: Station. 
Date Apri} 15. 1927. 
NC Distance 152 Ка. 
Wave léngth 15.250 a. 


True bearing 18° 10° j 


South 


been in use. This is a heterodyne receiver which 
consists of a three-stage radio-frequency ampli- 
fier, a detector and a two-stage audio-frequency 
amplifier, in combination with some replaceable 
circular loops, which are 0.85 meter in diameter 
and can be rotated about a vertical axis, for 
obtaining a wide range of wave lengths and a 
small vertical antenna which may give the 
receiver a unidirectional property. As 7,200 


meters was the longest wave length to be 


received by the equipment, another loop has 
been prepared to cover longer wave lengths 
necessary for the present observations, and the 
vertical antenna replaced by a longer one. The 
vertical antenna was coupled with the loop by 


its loading coil, the resonance condition being 


found by a variable condenser in parallel with 
the coil. The loop had also a tuning-in conden- 
ser. By this set, heart-shape characteristics of 
reception can be easily obtained, the phase of 
induced emf. being adjusted by the tuning 
of each circuit, and the antenna effect adjusted 
by the degree of coupling of the coil. 
Atmospherics, especially those of the nature 
of clicks, generally change their strengths as 
well as their directions from moment to moment; 
thus it is not so easy to plot out their reliable 
polar curves for clicks or even for grinders. In 
order to simplify the procedure and to increase 


Magnetic Worth 


Gri иу; 


Date Feb. 2. 1927. 
Ware length 10,000 m. 


Fig. 2. 


the accuracy in actual observations, a method 
of one-point observations has, therefore, been 
adopted, where a direction is first to be deter- 
mined by turning the loop and by finding a 
minimum point of response; the sense is then 


· to be decided by adding the vertical antenna to 


the loop, because a unidirectional combination 
will be liable to greater errors for direction 
finding than a loop only. 


= 


Degrees measured clockwise from the true North. 
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III. Unidirectional polar curves. — Fig. 1 
is an example of the unidirectional polar curve 
for signal reception, and Fig. 2 that for grinders. 
As shown in the figure, no polar diagrams for 
atmospherics, as is well known, form heart- 
shapes at all, which is a phenomenon of interest 
for further studies. 


IV. Accuracy of the directional observations 
and correction for the apparatus. — For the 


observations of strong signals, it has been found 


that the apparatus has an accuracy within one 
SEES But, for those of grinders, the band of 
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COO 2555591. 
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ГАВА Im. 
KS А 


Јарап сева Standard Time. 


Fic. 3. — Diurnal variation in the directions of 
grinders and clicks in May 26, 1927. 
Wave length 10,000 m. 


minimum response was as wide as 2 degrees 
to 10 degrees and sometimes even reached 
15 degrees, the width of the band depending 
upon the times of the day and the season, which 
might indicate that the seat of atmospherics 
covered a large area or moved from place to 
place. The middle points of the bands have, 
therefore, been taken as the directions of 
atmospherics. As clicks, which occur intermit- 
tently in short intervals of time and have much 
more variation in the observed directions, have 
been far more difficult for observations, it may 
be inferred that their accuracy has been much 
lower than those for grinders. 

In addition to the above fact, there were 
present, in the surroundings of the measuring 
apparatus, several unremovable conductors 
which may give rise to some errors in the direc- 


tional observations. For the rough correction of 
the effects, the bearings of several stations at 
known locations were observed and compared 
with their true bearings. It has thus been found 
that the maximum deviations were only one or 
two degrees, though the deviations were variable 
according to directions. On the figures in 
Table 1 below, no corrections have, therefore, 
been introduced. 


Furthermore all the observations have been 
made by taking the bearings clockwise from the 
magnetic North in degrees. For finding out the 
similar bearings measured from the true North, 
the magnetic declination has to be taken into 
account. Аз the declination at the receiving 
‘station may be regarded as 5° 00’ W. in average, 
corrections have, therefore, been made on the 
figures in table I below by substracting 5* from 
the observed bearings. 


"У. Results of observations. — 1) The obser- 
vations were commenced at February 5. Until 
March 7, the observations of grinders only had 
been carried out on various wave lengths 
between ‘10,000 and 21,000 meters, about 
10 times a day from 9.00 A.M. to 4.00 P.M. 
No appreciable variation due to wave lengths 
had however been noticeable, their amount 
being comparable to that of the diurnal varia- 
tion observed on a particular wave length. 


2) After the date, the observations have, 
therefore, been confined to two particular wave 
lengths, i.e., 10,000 meters and 20,000 meters. 
However no appreciable change in the observed 
directions has been noticed between the two. | 

3) After March 16, the time of observations 
has been extended from 7 A.M. to 9 РМ, 
observations being made at nearly every 
30 minutes. The variation has, in general, been 
less in the day-time than at night, though it has 
not been so remarkable as in the case of signal 
observations. This seems to indicate that the 
seat of atmospherics is not invariable. 

4) Since April, clicks have been observed 
in addition to grinders. The directions of clicks 
have been found to be obviously different from 
those of grinders, and the diurnal variation in 
the directions of clicks to be much greater than 
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those of grinders. One example of the diurnal 
variations in the directions of grinders and 
clicks is shown: in Fig. 3. This seems to indicate 
that the seat of clicks differs from those of 
 grinders. 


5) From the observations on grinders from 
February to July, it may be said that they have 
· not almost changed their directions during the 
season of the year and come from SSW 


(about 190?). 
6) From the observations on clicks from 


April to July, it may be said on the contrary 
that their bearings have gradually shifted clock- 
wise, though they were generally indistinct 
since the middle of June. This indistinctness 
seems to indicate that the seat of clicks is 
vastly extended in summer season. 


The results of the observations are shown in 
Table I, the readings of directions being ex- 


pressed in degrees measured clockwise from the 


North. 


TABLE I. — Directions of Atmospherics at Isohama. 


Field Intensity of 


Date Direction of Grinders Direction of Clicks 
J. C. S. T. (1) Mean Max. Min. Mean Max. Min. atmospherics in | v/m. 
Feb., СПРЕЧЕ NE 191 193 189 по 065. 
у d. duos ЕЦ 191 197 185 » 
» Doe va sheet rie turi rad 189 192 180 » 
» 20. oe ARS 190 193 187 » 
» РА» КАН и ee 191 193 190 » 
average — 190 grinders — 33 
| clicks = 1,198 
March, Зе а а аи sus ti 190 192 187 по 065. 
0» y Bok ee E E ae 187 193 183 » 
» Dre Ea ede wes 185 202 169 » 
» бана gU uci e 185 198 179 » 
» 24. s. GF ux E E 188 205 170 » 
» ИОВ PD 189 203 181 » 
average — 187 grinders == 26 
clicks = 1,209 
April, p P ETE 192 195 188 202 205 199 
» d oer este eri ETES. 191 195 186 215 225 199 
» СУТРА APP 192 204 185 243 255 230 
» ID scu м dex s 191 194 189 225 230 220 
» 21. Raw ses 192 194 189 234 240 227 
» о ОРИ" 192 193 190 232 245 225 
ауегаре == 192 average = 225 grinders == 42 
: clicks — 2,050 
May, Bou AR dus. SS 191 193 189 225 250 205 
» Zu ho АИ х 192 193 . 190 237 251 223 
» 19. Xn deren 191 193 189 236 247 225 
» 23. uoc Se тата s Pas 192 194 190 235 245 221 
» а са ro as 191 193 189 235 245 224 
average — 192 average — 234 grinders — 52 
clicks == 1,430 
June, PRESSE adr a wo 191 195 185 237 253 222 
» dr nes. 191 196 188 239 252 225 
» РА, suisse s 193 202 189 _ no distinct directions. 
» а ch NE oe REN 191 200 185 250 254 245 
» 302s dde denied diu 191 200 185 no distinct directions. 
average — 191 average =: 242 'grinders = 55 
clicks = 3,100 
July, T ен 190 199 180 directions obscure. 
» |Реља а а ow дека 192 198 183 ». 
» 2s +h. у epo us 193 196 190 » 
» D m -— — — 300 obscure. 
» Васо Беине а 192 194 190 270 280 260 
» ЗО иу dee ce — — -— 270 280 260 
average = 192 average — 280 grinders — 59 
clicks — 3,080 


(1) Japan Central Standard Time. 


= ——Po—Á À M == ee e = 
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To get an idea, in Table | are added the field 
intensities of atmospherics in microvolts per 
meter. The intensities have been daily measured 
with a different vertical antenna and the figures 
given in the table are the monthly average 
values (wave length — 15,600 m) measured 
at 4.30 P.M., by which atmospherics may be 
considered to be most prevalent. The intensities 
of grinders are those of signals which will be 
just readable through the grinders while the 
intensities of clicks are those of artificial clicks 
which can be regarded equal in strength to the 
natural clicks. 


VI. Results obtained by other observers. — 
T. Nakagami of the Ministry of Communica- 
tions, Tokyo, described in one of his papers 
regarding directions of atmospherics observed 
at the Osaka station in 1924-1925 as shown in 
Table II, in which the directions are expressed 
in angles measured clockwise from the North 
in degrees. 


TABLE Il. — Directions of Atmospherics at Osaka. 


Direction of Atmospherics 


Month at 18,000 m. 
January ... enn 2200 ( SW ) 
February ......-::: 200° (S S W) 
March ...... nr 200° (S S W) 
April .... tn t n ng 250° (У S W) 
May .... n n n n ng 315° (NW ) 
June ... ee ee nnn 350° (N N W) 
July ....... nn n e 30° (N МЕ) 
August а... 45° ( NE ) 
September .....:.:: 40° (N N E) 
October ........... 20° (N N E) 
November ......:.:.. 300° (W N W) 
December .......· 240° (W S W) 


J. Obata of the Aeronautical Research 
Institute, Tokyo Imperial University has also 
carried out some observations on atmospherics 
in Tokyo, commencing in July, 1926, the results 

of which are shown in Table III. 


TABLE ШИ. — Directions of Atmospherics at Tokyo. 
Direction of Atmospherics 


Month at 10,000 m. : 
August, 1926 ——— |... NW— WNW 
July, 1926 Te 3 
September 1000 TAA YNN N 
October, 1926. . ...... SSW 


November, 1926. ...... SSW 
December, 1926....... No obs. 
January, 1927........ SSW 
February, 1927 ....... SSW 

March, 1927. ........ SSW-—SW 
April, 1927.......... No obs. | 
May: 19215 ооо Я No obs. 

June: 1927.5 2s s s W 


The results obtained by the above two obser- 
vers will now be compared with ours. According 
to their observations, the bearings began to 
rotate clockwise from SSW in winter, arrived 
at the furthest in summer and then came back 
counter-clockwise until the original bearing was 
again reached in winter, one cycle being com- 
pleted in one year. [n our observations, the 
bearings for clicks have been tracing a similar 
variation, while those for grinders have remain- 
ed unchanged. This fact will probably indicate 
that the two sets of observations above mention- 
ed were those for clicks. 


VII. Conclusions. — From the results of the 
observations mentioned above, the following 
conclusions may be arrived at. | 


1) No appreciable change has been found in 
the observed directions of atmospherics by the 
variation of wave lengths which lie between 
10,000 and 20,000 meters. 


2) On the diurnal observations 7 A.M. to 
9 P.M., no appreciable regular change has been 
noticeable in the observed directions of at- 
mospherics by the time of day. Though some 
expected variations have, in general, been 
noticed at sunrise, sunset and night-times, they 
have not been so remarkable as in the case of 
signal observations. 


3) The directions of clicks have been ob- 
viously different from those of grinders, which 
seems to indicate that the seat of clicks differs 
from those of grinders. 


4) The diurnal variation has been much 
greater in the directions of clicks than in those 
of grinders. This seems to indicate that the seat 
of clicks lies nearer to the observed region than 
those of grinders, if the seats of both kinds of 
atmospherics might be assumed to have nearly 
equal areas. Judged from the great differences 
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in the intensities, as well as in the nature of 
tones of clicks and grinders, this assumption 
may be considered to be probable. 

5) The directions of clicks have shifted from 
nearly South toward West as the season advan- 
ced from winter to summer, while those of 
grinders have remained unchanged. 

6) In summer, the clicks, which seem to 
originate from the mountain regions of Japan, 


seem to be most prevalent, while grinders pro- 
bably come always from a tropical region such 
as the East-Indies. 


Acknowledgement is due to K. Ichikawa 
and А. Moriyasu of this laboratory for their 
earnest assistance through the experimental 
works. 
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O. DAHL and L. A. GEBHARD, pp. 16-18. 


Fic. 3. — Views of transmitting apparatus. 


Fic. 6. — H-alpha image of sunspot-group photographed 
at Mount Wilson, August 19, 1927, 14h44m Greenwich 
mean time. 


О. DAHL and L. A. GEBHARD, pp. 16-18. 


Fic. 4. — Wave-forms observed on August 25, 1927. 


КА) Reflection absent, showing wave-form of trans- 


mitter. — (B) Reflection approximately as strong as 
the ground-wave. — (C) Reflection weaker than ground- 
wave. | 


Fic. 5. — Wave-forms observed on October 8, 1927. 


[(А) End of dot, reflection bigger than ground-wave, 
no key-click. — (B) End of dot, reflection smaller than 
ground-wave, last ground-hump weaker than preceding 
ones as also its reflection and in the right proportion. — 
(C) End of dot, reflection slightly bigger than ground- 
wave; note small key-click giving diminutive ground and 
reflected humps; time-separation between clicks same 
as between big humps. — (D) Beginning of dot, key- 
click arrives first along ground, then as a reflection, 
then big ground-hump, its reflection, etc.; separation 
checks as in (C). Note that amplitude of ground-hump 
is constant for all. ] 


G. FERRIE et R. JOUAUST , pp. 21-28. 


1. Pendule libre auto-entretenu. 


a) Enroulement d'entretien. 


b) Miroir. 


2. Dispositif. 
Cellule photoélectrique (c). 
Source lumineuse (d). 


Volet d'escamotage (e). 


3. Pendulette compteur avec sa bobine d'auto-entre- 
tien (f), et ses bobines de synchronisation (g). 


4. Boite d'amplification du courant photoélectrique. 
h) Milliampéremétre du courant d'entretien du pendule 
libre. 


i) Milliampéremétre du courant de synchronisation 
de la pendulette. 


5. Boite d'alimentation de la tension cellule sur le 
courant alternatif. 


6. Boite d'alimentation de la tension plaque des lampes 
de l'amplificateur sur le courant alternatif. 


7. Aocumulateurs de chauffage des lampes de (4) et 
де manœuvre du volet (e). 


8. Dispositif de charge continue des accumulateurs sur 
le courant alternatif. 


J. W. HORTON and W. A. MARRISON, pp. 28-37. 


FiG. 7. Thermostat for Piezoelectric Plate. · 


Fic. 1. — 100 Cycle Synchronous Motor Geared 
to Clock Train. 


Fic. 8. — Standard 50,000 Cycle Oscillator. 


Fic. 6. -- Resonant Piezoelectric Quartz Plate Fic. 11. - - 5,000 Cycle Synchronous Motor. 
in Mounting. 


E. B. JUDSON, pp. 38-40. 


Fic. 2. 


GEORGE RODWIN and THEODORE A. SMITH, pp. 58-62. 


Fic. 8. 
View of Cam and Main Tuning Condenser. 


Fic. 9. 
External View of the Completed Apparatus. 


GEORGE RODWIN and THEODORE A. SMITH, рр. 58-62. 


Fic. 10. 


Internal View of the Complete Apparatus. 
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Fic. 5. 


Fic. 7. 


B. OWENS, pp. 67-73. 


Fic. 6. 


Fic. 8. 
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Séance publique du 13 Septembre 1928 


Public Session of September 13, 1928 


La séance est ouverte par M. le Prof' Tu. DE 
DonpeR, Président du Comité Belge de l'U.R.$.1., 
qui prononce le discours suivant : 


MESDAMES, MESSIEURS, 


Àu nom du Comité National Belge de Radio- 
télégraphie Scientifique, je tiens à exprimer ici 
nos plus vifs remerciements à tous ceux qui ont 
répondu à notre appel, aux savants éminents qui 
présenteront leurs travaux aujourd'hui, ainsi 
qu'aux nombreuses personnalités du monde 
redio-scientifique qui nous font l'honneur d'as- 
sister à cette réunion. 

C'est la première fois qu'une séance publique 
de l'U. R. S. I. est organisée en Belgique, et 
nous sommes fiers de constater que celte tenta- 
tive s'annonce sous les meilleurs auspices. 


Comme vous le savez sans doute, Mesdames et - 


Messieurs, l'Union Radio Scientifique Internatio- 
nale est une enfant d'après-guerre. Elle émane 


de la Commission Internationale de Télégraphie 
Sans Fil Scientifique (T.S.F.S.), créée en 1913, 
à linitiative de M. Robert Goldschmidt et de 
M. le Prof’ Schmidt, et dont l'activité naissante 
fut forcément interrompue par la guerre. En 
1919, la réorganisation de cette Commission fut 
décidée et l'on fonda, au sein du Conseil Inter- 
national de Recherches, la présente Union Radio 
Scientifique Internationale (U. R. 5. 1.). Une 
Assemblée Générale eut lieu à Bruxelles en 1922 
et l'activité de l'U. R. S. I. se développa rapide- 
ment : émissions et mesures d'intensité de si- 


gnaux internationaux, échanges de documents, 
mise en circulation de références bibliogra- 


phiques, publications de travaux de l'Union, etc. 
La coordination du travail et la préparation des 


assemblées sont assurées par le Secrétariat Géné- 
ral, dont le siége a été fixé à Bruxelles. 


Un essor nouveau а été donné à l'U. R. S.I. 
depuis la derniére Assemblée Générale, tenue à 
Washington en 1927, et, gràce aux concours qui 
nous viennent de tous cótés, nous sommes con- 
vaincus que dans un avenir prochain, l'U.R.S.I. 
occupera une des premières places parmi les 
Associations Scientifiques Internationales. . 

Jusqu'à présent, l'activité de la Radio-scienti- 
fique en Belgique a été limitée aux efforts de 
quelques sociétés industrielles, aux travaux des 
clubs d'amateurs et aux trop rares contributions 
des laboratoires de recherches, qui en sont en- 
core à leurs débuts ou qui, faute d'argent, ne 
peuvent réaliser qu'une faible partie de leur 
programme. Notre pays manque de jeunes cher- 
cheurs pouvant se consacrer à des travaux désin- 
téressés. Les bonnes volontés existent; mais, 
jusqu à présent, elles n'ont pu se manifester avec 
leur plein rendement. 

Heureusement, une ére nouvelle s'ouvre de- 
vant nous. Vous connaissez tous l'admirable ini- 
tiative prise par le Roi des Belges, en créant le 
Fonds National de la Recherche Scientifique : 
en quelques semaines ce Fonds a recueilli des 
dons s'élevant à plus de 100 millions de francs. 

П est bien certain que le Comité Belge de 
l'U.R.S.I. est tout désigné pour donner des direc- 
tives concernant l'utilisation des subventions que 
ce Fonds accordera à la Radio expérimentale 
ainsi qu'à la Radio théorique. 

Nul doute que sans la théorie des phénoménes 
de radiation électromagnétique, la Radiotélégra- 
phie risquerait de se perdre dans d'infimes per- 
fectionnements d'ordre technique. Qu'il me soit 
permis de rappeler que les ondes hertziennes sont 
nées, entre les mains de Hertz, de l'étude mathé- 
matique des équations de Maxwell et plus spé- 
cialement du mystérieux « courant de déplace- 
ment » dù au génie de ce grand physicien 
anglais. 
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Récemment, les ondes électromagnétiques ont 
été associées à de non moins mystérieux quanta 
de lumière, aussi appelés « photons ». D'in- 
nombrables mémoires ont été consacrés à ce 
nouveau monde physique, intermédiaire entre 
l'électron et l'éther. Les espérances les plus vas- 
les et les plus hardies sont permises à l'heure 
actuelle. Il suffira de citer l'effet Compton, c'est- 
à-dire la décomposition des lumières dites sim- 
ples; je pense aussi à Fonde éthérée de de Broglie 
qui se propage avec une vitesse plus grande que 
celle de la lumiére; enfin, pensons aux réactions 
chimiques entre les photons et les électrons.Tout 
nous porte à croire que la Radio changera com- 
plétement d'aspect dans un avenir prochain, 
gráce à ces vues nouvelles. 


Muspaues, MESSIEURS, 


La T.S.F. est non seulement un remarquable 
instrument de découverte, elle est aussi un 


instrument merveilleux de communication entre 
tous les hommes. Grâce à la subtilité prodigieuse 
des phénomènes radio électriques, les distances 
n'existent plus, toutes les pensées, au même 
instant, se pénètrent. Certes, il n'est pas de moyen 
plus apte à rapprocher les hommes et à leur faire 
sentir qu'ils se doivent tous à un même idéal. 
Nous voici, Mesdames et Messieurs, transportés 
loin, bien loin: j'ai été entrainé par les ondes 
électromagnétiques et bien d'autres encore. 

Laissez-moi, en terminant, adresser un public 
hommage à notre Président, M. le Général Fer- 
rić, et à notre dévoué Secrétaire Général M. Ro- 
bert. Goldschmidt. 


M. De Donder prie ensuite M. le Général Fer- 
rić d'accepter la Présidence de la Séance Publi- 
que. 

П est ensuite donné lecture des mémoires dont 


Ле texte est publié ci-après. 


THE DEPENDENCE OF THE FREQUENCY OF QUARTZ PIEZO-ELECTRIC 


OSCILLATORS UPON 


CIRCUIT CONSTANTS 


by Earle M. TERRY 


Professor of Physics, University of Wisconsin. 


The use of quartz piezo-electric oscillators, as 
first described by Cady (*), for stabilizing the 
frequency of triode driven circuits, has been of 
inestimable value in the maintenance of fre- 
quency standards and in holding radio trans- 
milters on their assigned frequencies.  Investi- 
galion has shown that the frequencies of such 
oscHlators are, however, subject to certain va- 
rialions, the chief causes of which are changes 
in temperature of the quartz plate, methods of 
mounting it, and the reactions of the electric 
circuit upon the mechanical properties of the 
quartz itself. By use of suitable thermostatic 
devices and by standardization of mountings, 
ће first two sources of error have been brought 
under very good control, but the extent. of 
which the frequency is influenced by the ele- 


(*) Слу, W. G.. Piezo-electric Resonator, (Proc. I. R. E., 
vol. 10, p. 83, 1922.) 


ments of the system of which the crystal forms 
a part has not as yet been fully investigated, and 
it is to supply this need in certain of the more 
commonly used circuits that the following work 
has been carried out. 

Van Dycke (*) has shown that a piezo-electric 
quartz crystal is equivalent electrically to an 
inductance, a capacitance, and a resistance join- 
ed in series, as shown in figure 1, with a second 
capacitance shunted across them, and has given 
formulae by which these equivalent electrical 
quantities may be computed for any of its nor- 
mal modes of oscillation from the dimensions 


of the crystal. 


Using this method of representation, Dye (* *) 


(*) VAN DycKE, K. S., The Piezo-electric Resonator and its 
Equivalent, (New York, Proc. I. R. E., vol. 16, p. 742, 1928.) 
(**) DYE, D. W., Piezo-electric Quartz Resonator and Equi. 


valent Electrical Circuit. (Proc. Phys. Soc. London, vol. 3$, 
p. 399, 1926.) 
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has studied the effect of the constants of the 
circuit to which the crystal is connected when 
used as a resonator, but as far as the author is 
aware, no study has yet been made of the corres- 
ponding problem, namely, the effect of the cons- 
tants of the circuit when the crystal is used as a 
slabilizer for a vacuum tube driven circuit. 

In carring out this work, the crvstal has been 
replaced in thc circuits to be studied by its 
electrical equivalent as given by Van Dyke. It 
thus forms on of the elements of a coupled 
system, and the resultant frequency of the dri- 


L, OR C, 


C 
Fic. 1. 
Equivalent Network. 


ven coupled. system has been worked out in 
terms of that of the equivalent crystal element 
When uncoupled and oscillating according to 
one of its normal modes... In making the ana- 
lysis of the various circuits considered, the 
method ‘of differential equations rather than 
complex algebra has been used, since it permits 
the determination of the condition for oscilla- 
поп and the calculation of frequency to be made 
directly from the coefficients of the differen- 
lial equation. The advantages of this method, 
winch, of course, is well known, seem to ђе 
insufficiently appreciated, and a brief discus- 
sion of the theory may not be out of placc. 

"uppose we have any system mechanical or 
electrical, such that its instantaneous state of 
motion may be described by a differential equa- 
tion of the second order, e.s., 


dx dr 
— CIT 9 == 0. 
d + P, ii CP (1) 


In order that x = e"* may be a solution of (1) 
il is necessary the auxiliary equation 


m? -|- Рт + P, — 0. (2) 


ст 


be satisfied, that is 


| — p, + Vei — 4P, 
m == ————————— * 


: (3) 


The condition that the system may execute 
oscillations is that P? < 4P,. If this condition is 
satisfied, then the roots of (2) may be written. 


m = а — ј д | 
where 
P, Ми, =. 
7 and pee qs М—1. 
The solution may then bc written 
х = Ae” sin ft. (8) 


The damping factor а is seen to be one-half 
the coefficient of the first order derivative in (1). 
In general, P, is positive and oscillations dic out 
logarithmically. If, however, the system con- 
lains some source of energy or a regenerative 
device, P, may be zero, or even negative. In 
ће former case, oscillations, once started, per- 
sist with constant amplitude, and in the latter, 
built up. The condilion then that oscillations 
may persist in any vacuum tube driven circuit 
whose instantaneous state may be described by 
a second order differential equation is that the 
coefficient of the first order derivative be zero. 
It is also to be noted by (4) that when this con- 
dition has been satisfied, the square of the ra- 
dian frequency of the system is given by Р,, the 
coefficient of the absolute term. 

Unfortunately, not many tri-ode circuits can 
be described by a second order differential equa- 
поп. The method may. however, be extended 
lo cases requiring third and fourth order diffe- 
renlial equations for their description. For 
example, suppose a third order equation is rc- 
quired, е.с., 

d? dr (. 


r 
di 4 di? -|- P, dt + Рат == 0. (6) 


The auxiliary equation is then 
n? + Pan? + Pam + 0, = 0. (1) 


If the system, их described, is to be capable 
of oscillation, two of the roots of (7) must ђе а 


6 
pair of conjugate complexes, and the third real. 
Let them be 
т, =k 
т, =a + jf (8) 
m; = а — ј В 


where « and 8 are the damping factor and ra- 
dian frequency respectively, and k the reciprocal 
of the time constant for the non-oscillatory tran- 
sient. 

The condition that oscillations once started 
may persist, that is, а —0, may be obtained from 
the theorem giving the relation between roots 


and coefficients in an algebraic equation. Thus 
m, + m, + та = — P, 
mm; + mm, + mm, = + P, (9) 
| ттута = — РА. 
Substituting (8) in (9) we have 
k + да = = P, 
9k + ог + Bt = P, (40) 
k (at + ff) = — P, 
If а = 0, these become 
= — Р, 
p =P, (11) 
kg = — P, 
Whence 
B? = P, and [2° = Ps, (42) 
P, 


The condition, then, that « = 0. is that these 
two values of 8 must be the same; that is 


(13) 


Thus the condition for undamped oscillations 
and the expression for the frequency may be 
obtained from the differential equation without 
solving it. 

For the case of the fourth order differential 
equation the procedure is similar, and although 
the conditions are somewhat more complicated, 
the method is readily workable. Let the diffe- 
rential equation be 


dx dir dx 


dx 
qo Ch Re PR RP (14) 


with its auxiliary equation 


m! + Pm? + Р.т + Рат + P, = 0. (15) 
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The system which this equation describes may 
be either simply or doubly periodic. In the 
former case, (15) has two real and one pair of 
conjugate complex roots, and in the latter, two 
pairs of conjugate complex roots. For the dou- 
bly periodic case, the roots may be written 


Hg = а, + j Bo 
Ms = &—J Be 


m, = 2, + ji, 
| (46) 
m, = % — j B, 
where «,, а, and f,, 6, are the damping factors 
and radian frequencies respectively, for the 
resultant oscillations. 
Again making use of the relation. between 
roots and coefficients we have 


2 (a, + a) = — P, t 
ai + PE + 42,9, + a + B; = Р, 
За, (0° + pi) + 22, (2j + 1) = — Р, 
(of + 21) (9 + BS) = Py. 


The imaginary terms drop out, since the coef- 
ficients of (15) are all real. We seek now the 
conditions that one of the damping factors, e.g., 
a,, may be zero. Putting a, = 0 in (17) « and 
5, may be eliminated, and there results 


TES | 
and 8 = Pet VPs — 4P., (18) 


9 
aad 


(11) 


The conditions for undamped oscillations is 
then either 


р, Р, + Мр: — AP, | 


Р, 2 

or (19) 
P,  P,— VPr— 4P, 
В, 2 


Since equations (17) are symmetrical with 
respect to the a's and 3°, the same result would 
have been obtained had we sought the condition 
that 2, = 0. It may be shown, however, that 
in (19) the plus sign gives the condition for one 
damping factor zero, and the minus sign that 
for the other zero. 

In stabilizing a хаспши tube driven circuit, 
the crystal may be connected either across the 
grid and filament of the tube or across the grid 
and plate. In the former case, the internal ca- 
расну between the plate and grid furnishes the 
necessary feed back coupling, and in the latter, 
the grid-filament capacitv serves this purpose. 
]n this report, the solution will be given for 
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these two cases using іп each a tuned resonance 
circuit in series with the plate. The simplified 
circuits of Pierce (*) may be discussed as special 
cases. | 


Crystal Between Grid and Plate. 
I. Tuned Plate Circuit. — The circuit dia- 


gram for this case in shown in figure 2, in 
which L,. R,, C, represent the equivalent series 


L n, 
C 
C, ! 5 
Сб Ch 


2 C, 
А, 
Fic. 2 


Network for Crystal Between 
Grid and Plate. 


elements of the crvstal as shown in figure 1, 
while C is the sum of the inter-electrode capaci- 


FIG. о. 
Simplified Diagram 
for figure 2. 


(*) Pierce, G. W., Piezo-Electric Crystal Resonators and 
Crystal Oscillators Applied to Precision Calibration of Wave 
Meters. (Proc. Am. Acad., vol. 59, p. 81, 1923.) 


lance between plate and grid of the tube and 
C; of the crystal. The simplified diagram is 
shown in figure 3, where С, = C, + Cr. In 
selting up the Kirchhoff equations, the d.c. grid 
current has been neglected and a linear static 


tube characteristic has been assumed. With 
these simplifications, we have 
di D. AT: 1 | 
di, ; 1 А . . 9 
beg tekto (i — i — $5) dt = 9. (21) 
1 1 1 
LENA К ГИС ENS И и 99 
ALL = | і — 1.) dt AL i)dt=0 ( 
, 1 
lp = R. (ep + peg) (23) 
where 


1 1 
СЕЕ e; = AL 
g 


Differentiating and combining, these become 


di, di, 1 1 1 
Los ГРАНИ Lu eo (24) 
d'i, di, 1 | s 
L teg + gei is) = 0 (28) 
Co. С, . 
| = С i, + G (i, — i) (26) 
di, 1 е 
dt == R, C (1, ; ty) + C, | (27) 
where 
1 1 re 1 s: 1 
C, iu C, C, С, 


Substituting (26) in (24), (25), and (27) res- 


pectivelv, we have 


> Фі di, Cj, 
i; — = LC, PT + R,C, 2n T na (28) 
di, d, 41. . А 
MEE uM duo x uns M o t arc 90 
пса tR tghid 0 (89) 
di, 41[1, . 
ux RNC PEE; NER AL NES 0 
dt R, E (ty ip) C | (3 ) 
where 
1 Q, 1 1,,6, 1, 1 C, 
6 с G Q6 X. €. Go 


The total capacitance of the primary circuit 
between the points dd is designated by Ca, and 
that of the secondary between points ec, by С). 
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Substituting (28) in (29) and (30) respectively, 
there results 


i di, 4 16. dii, КС, di, 

dt? d dt C, dl? C, dt 
, (31) 

= 0 
Саб; Е) = 
А 9; ^ 5 
diy LC. dh ВС, di i Ca i "t 
dt ЕМ de ' R M" dt Саб, Cn 


 Differentiating (28) and — (32), we 
have 


dig _ di, 


x 
"n 1 a zji 
um dt ВС Су, 


Substituting (38) and its derivative in (31) the 
following fourth order differential equation re- 
sults : 


(33) 


44 di = 
HP +P 


di du z t ^r 


: P-4-4-0. (34) 
in which 


{ 
DHL L, ке H 
| К.В, 
| = — 
i LG LL LL * 
R? "a 


P, = L,L,C, 


um ER Ë DATA C, 
\ (38) 


+ L,L,C, / 
b ( + 
К, МАСА С 


i 1 1 QE ( 1 3 
Сб LLC "RNALLCC. GCC. 


RAR, 1 ) 
LEC LEC 


Introducing now the uncoupled damping fac- 
lors a, and а; the uncoupled, undamped fre- 
quencics В, and 8, and the coupling coeffi- 
cient «, defined as follows 


1 
h, (22 1 9 C$, С, C, 
GS Pa == L ` ure 4 1 ^mt C2 
~ L, à Cu m 
C, C, 
R 14 
Xp = Sc c 
Sb. LC 


the coefficients of ~ becorne 


Р, == 2 (а, + Ab) F R z 
9 
P, m 92 x AQ, Xp els oh = R, a. 4) C 
P, = 2 (a, 2% pa + Lap ei | (36) 
| 1 1 
Ја 4 ub] RIT pp pr 
+ "ALS T 2. 9) с LG 
R? /C, С, 
Р == 0080001 + [= —- те ||. 
4 Ми [1 | u R, € p: >) | 
Depending upon the coefficients P, ..... P 


the solution of (84) may represent four exponen- 
lally damped transients, two such transients 
and a periodic function, or a doubly periodic 
function. In the circuits with which we are 
generally concerned. in radio work, the last of 
these possibilities usually obtains. Neglecting 
lor the moment the effect of the tube, the nor- 
mal niodes of oscillation o? (ће coupled cir- 
cuils a and b, figure 3, consist of two currents 
in each circuit with frequencies and damping 
factors 8, and а,, 9; and а, respectively. The 
components of cach current in cach circuit are 
for one, nearly in phase, and for the other, near- 
ly opposite in phase. Ву suitably connecting 
the tube to the circuit, one of the normal modes 
of oscillation, 6,, for example, may supply vol- 
tages lo grid and plate respectively nearly oppo- 
site in phase, and regeneration will occur for 
this frequency, while for the other frequency 
B, the grid and plate voltage are nearly in 
phase and absorption of energy by the tube ra- 
pidly damips this oscillation out. However, by 
an appropriate change in the connections, the 
situation may be and regencration 
occur for the frequency 5, and absorption for 
8. Because of these phase relations between 
the primary 


reversed 


and secondary currents for the two 
normal modes of oscillation, it is not possible 
lo have regeneration of both frequencies at the 
same time with а single tube. In the case of 
the crystal stabilized. oscillators here studied, 
the system oscillates according to one of its nor- 
mal modes when the crystal is connected bet- 
fo the other, when 


connected between grid and filament. 


ween grid and plate, and 


The action of the tube in driving such а cir- 
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cuit may be roughly regarded as neutralizing the 
resistance of the circuit for one of the frequen- 
cies, that is, in making one of the damping 
factors effectively zero, and at the same timc 
increasing the other damping factor. In gene- 
ral, resistance neutralization is incomplete in 
that the frequency of the resulting oscillations 
is determined not by the inductances, capaci- 
lances, and degree of coupling of the circuits 
alone, but by the resistances of the two circuits 
and the electrical constants of the tube as well. 
The expression for the resultant frequency is 
given by equation (18), where the P’s of equa- 
tions (36) are given such values that the condi- 
tion for oscillation, equation (19), is satisfied. 


П. Inductance Loaded Circuit. — This may 
be regarded as a special case of the circuit just 
discussed in which C, is reduced to Cy, the ca- 
pacitance between plate and filament of the 
tube. The circuit is still doubly periodic. 


HI. Resistance Loaded Circuit. — This is also 
a special case of the above in which, in addition 
to putting C, equal lo Cy, L; is made zero. 
Thus, multiplying equation (34) by L, and then 
placing L, = 0 there results 


031, di, di, 


ср 1 Pi, = 0. 37 

"TE ТЕ ПАЛ (37) 
in which 
p IR n 1 | 4. 
-AL RC RC; 

{ R, R, 

P, = —— + ——. 4+ £u 38 
L6 T RLG КС; (99) 


1 | 1 | | 
Er e pu Wim ae mor) 
Re Li Ca C, R,L,( n К, Li Ca Co Li C, Су 
Introducing the uncoupled damping factors 


and frequency of equation (36), equations (38) 
become | 


| | | 
pod dis esee e 
Tate, | IH, C; 
9, 97 
Г Ес on de 39 
2 “TRE | RC (0 


Я | 1 fo 1 
рз = SS ана е c EE IE —- coe [orien ud cocus LA 
RG ^ Rel, RAG 6,6, 
This circuit is singly periodic and its frequen- 
is given by equation (12) when the condition 
for oscillation, equation (13), has been satisfied. 


Crystal Between Grid and Filament 


IV. Tuned Plate Circuit. — The circuit for this 
case is shown in figure 4 and the simplified dia- 


R, 
C 
L, 3 
Cp 
Cy C 
F G P 
L, C; 

Fic. 4. 


Network for Crystal Between 
Grid and Plate. 


eram in figure 5, where C, is again С, +С. 
Ср is here the coupling condenser instead of Cg. 
Writing the Kirchhoff relations, we have 


di | T of. 1 dE" 
Li + hi crc | ina | 6—04 =) (40) 
di, 
dt 


1 
а-а с [04-0 (42) 
Up C. Co v 


1 . . . 
Le? + Baie с [ (ie + iy — i) di 0 (41) 
2 


(43) 


a 
„о 


Fic. 5. 
Simplified Diagram 
for figure 4. 
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where 


drm nem ле 
ls (ti, — 5) à 


1 
Cg === C. {a == i) dt. 
g 


These equations differ only in minor details 
from equations (20) to (23), and the method of 
elimination is strictly analogous and will not be 
repeated. When the process has been carried 
out, there again results the fourth order diffe- 
rential equation. 


dti, d3i, di, 
di (qp +R B н LB =0 (44) 
` in which 
EE oa 
Le CC, 
у КЕ, 1 
i L, L; tooth (E+ a 
R, R, ° 
Виа па EE 45 
= LLG * LLG (8) 
4 1 КВ, 1 
ete eee 
RALCC "Eb 30:6. 
5 1 4 Ef 1 1 ) 
' LLCC LLC, Bp \LL:CC LLCC 


Substituting uncoupled frequencies and dam- 
ping factors "е ресоте 


с 200+ 8) + с C; 
Р, = Ва + dau + fo + ge 12 +a) с C 


— „) (46) 


1 
f22 BEDS UE 
TE alc + 42 si) à Cum 
C C 
— e s eu 
where 
1_ G. Ср 38. 6 11 P 
C. GC, Cl G G” -G € € 


Са is the capacitance between the points dd 
of figure 5. The other quantities have the same 
meaning as in the case I. 


V. Inductance Loaded Circuit. — As in case 
ll, the coefficients P, ..... P, are obtained by 
putting С, = Су. The circuit is doubly perio- 


dic. 


VI. Resistance Loaded Circuit. — As in case 
ПІ, multiply equation (44) by L,, put 1, = 0, 
and there results 


d? di 421, di, 


an CE DEN + Pai = 0, (47) 
where 
P, — 22, + TI . Ж 
BC, ^ RC, 

, 2% 92a 

Р, = Pa T R.C, F R, Cy (48) 
a 1 а 1 

"e "a вс R, |“ EE) 


Numerical Calculations. 


As pointed out above, the expression for the 
frequency of the vacuum tube driven circuit, 
when doubly periodic, is given by 


2 — P, = VP; — 4P, 


; (49) 


TD 


where the cocfficients of the fourth order diffe- 
rential equation have such values that the con- 
dition for oscillation, i.e., 


P,+VP:—4P, Р, 


— 90 
2 P, 0) 


is satisfied, and for the singly periodic circuit 


p: = P, ($1) 
where 
P, 
P= p (52) 


In satisfying the condition for oscillation for 
any given values of the uncoupled frequencies 
Ba and Bo, Rp is a variable parameter. Rp is, in 
reality, the reciprocal of the slope of the static 
characteristic of the tube as given by equation 
(23). Since, however, the actual characteristic 
of the tube is not linear but is curved, Rp has 
different values for various points on the curve. 
Moreover, for cyclic variations in grid potential, 
Rp has different values throughout the cycle 
and it must therefore, when used in numerical 
calculations, be thought of as a sort of average 
value taken over the cycle. The greater the 
limits of grid potential variations, the freaker is 
Rp. It is thus a purely fictitious quantity, to 
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which it is impossible to give a definite physi- 
cal meaning, but which serves a useful purpose. 
In general, the larger the value reached by Rp, 
the more vigorously is the circuit oscillating. 

The direct method for computing the fre- 
quency of the system would be to substitute in 
equation (50) any pair of values for the uncou- 
pled frequencies Ва and ё, and solve for Rp. 
This value of Rp, when substituted in equation 
(49), would then give the frequency of the dri- 
ven system for these values of Ba and 8. Un- 
fortunately, equation (50) is too complicated a 
function of Rp to make this procedure possible, 
and a graphical method was employed. The 
right and left hand members of equation (50) 
were plotted as a function of Rp for a series of 
values of ба and бр. The intersection of these 
curves then gave the value of 8? for this combi- 
nation of uncoupled frequencies. 


To simplify the computations and make them 
more general application, relative frequencies 
rather than actual frequencies of any particular 
crystal were used. Dividing equations (49) and 


· (00) by 83 we have 


|: P, P 4P, 
a) O Bi S 
Equation (58) gives the ratio of the driven 
frequency of any crystal to its undriven value 
in terms of the ratio of the frequency of the 
plate circuit to the undriven frequency of the 
crystal. 
The computations were carried out for a crys- 
lal having the dimensions shown in Table I. 
Тће measured value of its driven fundamental 
frequency for « thickness » oscillations was 


451.53 kc. 


TABLE I. — Tuned Plate Circuit. 


Electrical constants 


Tube constants. 


Dimensions of crystal. of crystal. (UX 201 a). 
Length = 3.328 cm. L, = 3.600 h G-F сар. = 5.8 puf 
Breadth = 2.750 ст. R, = 9033.5 Q G-P cap. = 10.1 » 
Thickness = .6361 cm. C, = 8.1581 puf P-F сар. = 64 » 

C, = 0.03165 » Amp. fact. = 8.5 » 
Coupling coefficients. 
Crystal between grid and plate (t?) = 1.0356.10 7°. 
Crystal between grid and.filament (т°) = 3.13595.10- 5. 
l4 Ё В 
Ba ; 8. 
Bo Crystal between Crystal between Natural frequencies 
Ba R, grid and plate. grid and filament. undamped. 
94 47000 1.0000121 — 1.0000035 
. .96 12500 1.0000122 — 1.0000060 
.98 141000 1.0000143 — 1.0000120 
.99 260000 1.0000202 — 1.0000254 

.995 310000 1.0000540 — 1.0000523 
1.003 455000 — .999847 .999846 
1.01 394000 | — .999922 .999921 
1.02 238000 — .999963 .099959 
1.04 126000 — .999986 999979 
1.06 87000 — .099996 .999986 
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In this table, the column marked Rp gives 
the effective resistance of the tube for stable 
oscillations, that is the value for which one of 
the damping factors of the driven coupled cir- 
cuit is zero. lt is to be noted that as resonance 
is approached from either side, Rp increases in 


1.00012 


the system, using in cach case the appropriate 
coupling coefficient. The formula for com- 
putting them is obtained by putting R, =R, 
= Rp = œ in equation (34) ог (14) which beco- 
mc identical under these conditions. In car- 
ring out these computations, it is found that 


FILAMENT 


GRID AN 
Ui: B1354-10° 


Fic. 6. 
Variation of Driven Frequency withl Pate Circuit Frequency. 


magnitude corresponding to greater amplitudes 
of oscillation. Before resonance is reached ho- 
wever, the condition for oscillation ceases to 
be satisfied by any value of Rp no matter how 
great. The gradual increase in amplitude of 
oscillation as the plate circuit is brought into 
resonance and the sudden break are well known 
experimentally. Attention should be drawn to 
the fact that the coupling between the two cir- 
cuits is considerably closer when the crystal is 
connected between grid and filament then when 
between grid and plate, which accoxnts for the 
larger amplitude of oscillation ax greater sta- 
bility for this connection. — *he last column 
gives the computed. undamped frequencies for 


wilh the above circuits constants for ratios of 
5 
Ба 
lion can be satisfied only when (ће plus sign of 
equalion (53) is used and for ratios greater than 


unity with the minus sign only. 


less than unity, the condition for oscilla- 


These results are shown in figure 6, in which 
the dash-dot curve shows the frequency of the 
vacuum tube driven crystal controlled oscillator 
as a function of the relative frequency of the 
plate circuit, while the dot-dot curve shows the 
natural frequencies of the same system if it were 
without resistance. [t is seen that the effect of 
driving is to increase somewhat the frequency 
of the system for both connections of the crys- 
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lal, and that this effect is greater the farther 
the circuits are off resonance. The experimen- 
lally measured frequencies are shown in the full 
line curve. It was found impossible to satisfy 
the condition for oscillation using the value 
of R, obtained by Van Dyke's formula, even 
though R, were as small as 0.3 ohm, the value 
used in the experimental work. A series of cal- 
culations was carried through, using successi- 
vely smaller and smaller fractions of В,, and in 
the above curves, R, was put equal to one-tenth 
that given by Van Dvke’s formula. It will be 
noted that the experimentally measured curves 
show a somewhat sharper resonance effect than 
the computed ones, and if a still smaller value 
of R, had been used the check would have bcen 
better. Because of the uncertainty’ in the va- 
tues of some of the other constants of the cir- 
cuit, this can hardly be considered a method for 
measuring the effective resistance of a crystal, 
but indicates that the values given by Van 
Dyke's formula are probably too large. 


Inductance Loaded Circuit. — Calculations 
for this case are not given since, as pointed out 
above, this is a special case of the tuned plate 
circuit in which C, is simply the capacitance 
between plate and filament of the tube. 

Resistance Loaded Circuit. — Introducing re- 
lative frequencies in equations (51) and (52), we 
have 


Pa 

92 
Qus Mee (^3) 
Ма Ма 4 


Substituting the values for P, ..... P, of equa- 
tions (38) and (48) in (53), it was found that 
the condition for oscillation can be satisfied 
only for the case of the crystal between grid and 
plate, and for this the following results were 
computed for different values of R, the load, or 
series plate resistance. 


TABLE II 
Ld 
R, Pa R, 
10000 1.00000536 6240 
20000 1 00000503 6000 
30000 1.00000096 9900 
80000 1.00000048 9190 
100000 1.00000042 9100 


an audio frequency amplifier. 


In this case it is to be noted that the crystal is 
forced from Из natural frequency, at most, by 
only five parts in a million, and that the varia- 
lion in frequency is very much less than in the 
case of the tuned circuit load. The values of 
Rp, however, are relatively small, indicating 
that the oscillations аге weak, and the fact that 
iliey decrease as R, is increased indicated that 
Ihe oscillations become weaker as the load is 
increased. 


Experimental Checks. 


To test the theory as given above, two crystal 
controlled oscillators of the various types there 
discussed were set up, each having its own A 
and B battery supply, and appropriate precau- 
tions werc taken to insure a minimum of inter- 
action. between them. Each was loosely cou- 
pled to a third circuit containing a rectifier and 
Connected to 
this third circuit was an audio oscillator of con- 
tinously variable frequency calibrated in terms 
of a series of standard tuning fork. The crys- 
lals under test were ground in pairs so as to give 
audio frequency while the other was experimen- 
ted upon. The beat frequency between the 
crystals was then matched by the audio oscilla- 
tor. This double heterodyne arrangernent is an 
exceedingly sensitive method for studying pro- 
blems involving frequency changes, since a va- 
riation of one cycle per second in either of the 
radio frequency circuils gives an audio frequen- 
су beats to be held constant to one beat in 10 se- 
conds. 

The results for the tuned plate circuit case 
are shown by the full line curve of figure 6, 
reference to which has alreadyebeen made. For 
the resistance loaded circuit the variations of 
frequency with load resistance were so small as 
to be barely within the limit of error of measu- 
rement, i.e., one or two parts per million. This 
checks the results of Table If, where maximum 
changes of only 5 parts per million were predic- 
led. For standardization purposes, where ex- 
treme accuracy is the objective, the resistance 
loaded circuit is thus much to be preferred. 
However, this circuit gives much weaker oscil- 
lations and will in general require an extra stage 
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of amplification. Moroever, a crystal must be 
a very « good oscillator » to be used at all in this 
circuit. Out of some twenty crystals used in 
connection with this work, only three would 
function with this arrangement. 

An experimental study was made of the effect 
of varying the resistance R, for the two cases of 


A 2 Д 


P 

о 

И P 
T 
ц. 
~ 
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and piezo-electric properties alone, but beco- 
mes part of a coupled system, and the actual 
resultant frequency is influenced by the degree 
of coupling of the two systems and the values 
of the constants of the entire circuit, including 
ihose of the driving device in the case of conti- 


nuous oscillations. 1n doubly periodic vacuum 


Fic. 7. 
Variation of Driven Frequency with Resistance of Tuned Plate Circuit. 


tuned plate circuit oscillators, and the results 
are shown in figure 7, where the frequency of 
the driven system is shown in terms of the un- 
coupled frequency of the plate circuit. These 
results indicate that as R; is increased the зера- 
ration between coupled frequencies is increased 
and that the sharpness of resonance is decreased. 
The range of plate circuit frequency over which 
oscillations occur is decreased by increasing 
load. 


Conclusions. 


А quartz crystal oscillator, when used to sta- 
bilize a vacuum tube driven circuit, does not 
oscillate at a frequency determined by its elastic 


tube driven circuits, one of the normal modes 
of oscillation is excited when the crystal is con- 
nected between grid and plate, and the other 
when connected between grid and filament. 
Although the oscillations are more powerful 
when the frequency of the plate circuit is close 
(о that of the crystal are greater. For purposes 
of ассигаје frequency standard maintenance, 
resistance loaded circuit is much to be preferred, 
and when a crystal has been standardized it 
must always be used in exactly the same circuit 
and under exactly the same conditions as when 
the standardization was made. It is desirable 
from this standpoint to preserve not merely the 
crystal, but the entire permanently assembled. 
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SUMMARY. 


The mathematical theory for the quartz piezo- 
electric stabilized, vacuum tube driven oscilla- 
tor is given for the following cases : tuned plate 


PIEZO-ELECTRIC QUARTZ 


circuit, inductance loaded and resistance loaded 
triode with the crvstal between grid and plate, 
and also between grid and filament for each 
case. The condition for oscillations and the 
exact expression for the frequency of the driven 
circuit in terms of uncoupled frequencies, dam- 
ping factors, coupling coefficient, tube cons- 
tants, etc., is given. In the analysis of the 
oscillator the equivalent network for the crystal 
eiven by Van Dyke has been used. A discus- 
sion of the general method by which conditions 
for oscillation and expressions for the driven 
frequency of an oscillator may be obtained from 
the coefficients of differential equations up to 
the fourth order is included. 


OSCILLATOR WITH SINGLE FREQUENCY. 


by Isaac КОДА. 
(The Electrical Research Laboratory of Tokyo City.) 


It is sometimes desirable that a quartz-oscil- 
lator should oscillate only at a single frequency, 
and at the same lime very intesely. This paper 
gives a procedure to get such an oscillator. 


Take the optical axis of a single crystal of 
quartz as 2, one of the electrical axis as =, and 
the direction perpendicular to both axes as y, 
such that the co-ordinate system is right-handed 
or left-handed, corresponding respectively to 
the right and left-handed quartz crystal. The 
relations between components of strain and ap- 
plied electrical field are : 


— lze == — dE, — l; = — Ш Е, 
— еу, = dE; — e4, = 2d E, (1) 
—é,,= d'Es | 


where 

E, and E, : = — and y 
plied electrical field, 

components of strain produced, 


components of the ap- 


бо. ele. 2 
d and d': piezo-electric moduli, whose numerical 
values are 


d = 6.45 x 1073, d' = 1.45 x 107 (*). 


(°) Grátz-Handbuch der Elektrizität и. des Maynetismus, 
Bd I, S. 365. 


Now that the same state of strain can be 
expressed referring to some other co-ordinate 
system, we shall suppose the second system to 
be connected with the first by the orthogonal 
scheme 


and suppose that the direction of the applied 
field Ел is in the direction of у’ axis, then the 
effective field to produce the strain is E,, cos 8, 
and the components of the strain referred to 
the new axes are: 


— €; у = — (lz x COS 0. + e „у sin 0) 
= E,' cos 0 (— d' cos 8 + 2d sin 0) (2) 
— lzy = — (— ex sin 0 + e, cos 8) | 
= Е,' cos 9 (d' sin 8 + 2d cos 9) 


and all the other components vanish. 
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Аз a special case, when 
l 


а. | 
0 = arc tan aj 6» 9 1 (3) 


dd 


equalions (2) reduce to the following. 


— zx = 0 Р 

— eg: y, = за Бру (4) 

According to this equation, only one com- 
ponent of the strain is produced by application 


' 2 ; 
z 


7 


? 


y 


of the electric field, so that only one kind of 
resonance frequency can be obtained in case of 
an alternating electric field. 


haps an acolotropic elastic body. 


This reasoning may nol be rigorously true in 
the state of high frequency vibration as in the 
stalical case, because the quartz crystal is per- 
Bul quartz 
oscillators actually cut perpendicular to the y' 
axis can nol oscillate wilh other than one fre- 
quency; the intensity of oscillation is very in- 
tense and the failure rarely happens. 

The angle of inclination 0 can be made easily 
with the error lying belween + 80”, but practi- 
cally this value need not be so exact due per- 
haps to a considerable smal! value of the piezo- 
electric modulus at a small value of 6 given by 
the first equation of (2). 

The frequency is experimentally given as : 


à = 150 x t 
where 
^ : wave length in metres of the oscillating 
current corresponding to the frequency 
of quartz oscillator. 


t = thickness of quartz oscillator in mm. in 
the direction of y' axis. 


A CONVENIENT METHOD FOR REFERRING SECONDARY FREQUENCY STANDARDS 
TO А STANDARD TIME INTERVAL. 
by L. M. HULL and J. K. CLAPP. 


1. Introduction. — In recent years the tech- 
nic of frequency slandardizalion has been re- 
fined and improved through the development 
of oscillating systems which are so nearly in- 
variant that their average frequency is practi- 
cally independent of the time interval for which 
the average is determined. Such a system per- 
mils the determination of frequency, by coun- 
ting successive cycles, to a degree of precision 
which is usually limited only by the patience of 
the observer. Extensive use of this «absolute » 
method of frequency measurement has sugges- 
ted the concept of the earth's rotational fre- 
quency, or a time interval defined thereby, as 
a fundamental standard for frequencies of all 
magnitudes. | 

Practical methods for maintaining various 
types of oscillators as the intermediate links bet- 
ween tlie desired frequency and a standard time 


interval have already been the described in the 
literature. It is the purpose of the present paper 
to call attention to an application of the same 
general principle to a specific problem of labo- 
ratory calibration. The results described have 
a general significance insofar as they relate to 
the establishment of a harmonic series of stand- 
ard frequencies. | 

At the present time there are approximately 
600 radio broadcasting stations operaling more 
or less continuously in the United States. The 
transmitters of these stations have an irregular 
geographical distribution and to each transmit- 
ler is assigned às a carrier one of the 96 decimal 
frequencies between and including the limits 
1.500 and 550 kiloeveles. The universal pro- 
blem of inlerference is not solved by accurate 
maintenance of the carrier frequencies on their 


assigned values, but such maintenance is ob- 
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viously a primary essential. Although piezo- 
electric oscillators or their equivalent will ulti- 
mately be incorporated as integral frequency 
control elements of all broadcast transmitters, 
such arrangements are not now in general use. 
Small portable piezo-oscillators are widely em- 
ployed in the broadcasting stations as cornpari- 


son standards, by means of which their carrier 


frequencies may be occasionally corrected. The 
problem of accurate adjustment of quantities of 
these comparison standards to the even decimal 
frequencies employed by these stations has sug- 
gested the calibration method which we are to 
describe. 


2. Experimental Method. — The general tech- 
nic of « direct » calibration from a single- 
frequency source, which in turn is compared 
with the earth's rotational frequency, is based 
upon an assumption which may be stated as fol- 
lows: if oscillations of constant periodicity occur 
in two independent systems and either system be 
so adjusted that the fundamental constituent of 
its oscillation coincides constantly with a har- 
monic constituent of the oscillation in the other 
svstem, then the fundamental frequency of either 
system is uniquely determined in terms of the 
other. The propriety of this assumption will 
not be discussed here although other investiga- 
tors have given attention to specific phases of it, 
as for instance by examining the validity of 
identifying with integral harmonic ratios the 
various emission frequencies from a multivibra- 
tor (1) (*). If, therefore, our fundamental oscilla- 
tion occurs at a low frequency and is associated 
with a substantial series of real harmonics, the 
physical comparison of an unknown frequency 
with the frequency of one of these harmonics is 
considered to be an absolute comparison with 
the fundamental. Since the ultimate standard 
of frequency is very low indeed compared with 
what we normally have to measure, it is cus- 
tomary to employ the intermediate source of 


oscillations previously mentioned as the basis of 


the harmonic series from which calibrations are 
actually made. 

Ап electro- mechanical oscillator such as a 
tuning fork has been extensively used as an in- 


(*) See bibliography page 26. 


termediate source. А tube-driven fork can be 
coupled directly to the counting mechanism, but 
the fundamental frequency is inconveniently re- 
mote from the frequencies at which calibrations 
are required; also the fork is subject to the fa- 
milar limitations arising from its damping and 
its temperature coefficient. The use of a piezo- 
electric oscillator as the intermediate source has 
been described in an important paper read be- 
fore the Washington meeting of О. К. S. I. in 
October 1927 (2). The quartz oscillator exhibits 
smaller perturbations under reasonable opera- 
ting conditious, and permits the establishment 
of a harmonic series from a fundamental of 
higher frequency. It requires, however, a very 
stable and reliable electrical system for conver- 
ting its fundamental frequency into a lower 
frequency suitable for operating the counting 
mechanism. In the paper just referred to, a 
step-down frequency converter was described 
which included a separate oscillator whose fre- 
quency is determined by a periodic circuit in the 
usual way, together with a system for varying 
the reactance of the frequency-determining cir- 
cuit in accordance with variations in the fre- 
quency of the piezo-oscillator. 

In the system to be discussed here, a piezo- 
electric oscillator is employed as the intermediate 
source. But for the step-down frequency con- 
verter, a system describing « relaxation oscilla- 
tions » (8) is adopted because it has been found 
to offer many advantages for the specific pro- 
blem in hand. Ап intermediate frequency of 
90 kilocycles is chosen for convenience. One 
relaxation oscillator having a 10-kilocycle fund- 
amental then provides directly the series of 
harmonics at 10-kilocycle intervals which are 
desired for calibration purposes. А relaxation 
fundamental at 1 kilocycle or even less, directly 
oscillator can be adjusted to yield a highly stable 
controlled by the 50-kilocycle source, which op- 
erates a small impulse motor, running in air, 
for the counting mechanism. Furthermore, the 
controlled relaxation oscillator, if properly de- 
signed, is an extremely simple piece of equip- 
ment. 

Two general tvpes of relaxation have been 
suggested for use as step-down frequency con- 
verters. The simplest is a neon discharge tube, 

2 
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employed in virtue of its so-called cut-off char- 
acteristic to sustain oscillations in a circuit com- 
prising a direct-current source, a resistance and 
a condenser. The oscillations of such a circuit 
are rich in harmonics and if a second oscillation 
of a higher frequency is injected into the circuit, 
the relaxation oscillation may assume a fre- 
quency which is an integral submultiple of the 
injected frequency. It is possible to maintain 
an oscillation in such a circuit whose fiftieth 
harmonic coincides with the injected frequency. 
But the behaviour of this control effect on such 
high orders is relatively unsatisfactory, as mi- 
nute variations in either the injected voltage 
or the direct voltage are likely to destroy the 
control. The other type of oscillator is the 
Abraham-Bloch multivibrator. Doubtless there 
are many other forms of relaxation oscillator 
which present similar characteristics but a mo- 
dified multivibrator has proved so satisfactory 
that no others have been investigated. 

The multivibrator consists essentially of an 
aperiodic circuit in which oscillations of irre- 
gular waveform are sustained by a triode excited 
by a second triode which provides the proper 
phase relation for maintenance. Jt was first 
used as a rich source of harmonics, in which the 
fundamental constituent is determined by and 
probably maintains a constant phase relation 
with a low-frequency injected oscillation. In its 
usual form it therefore constitutes а frequency 
multiplier or step-up frequency converter suila- 
ble for comparing high frequencies with a low- 
frequency standard. Some time ago one of the 
present authors (4) suggested the possibility of 
controlling a multivibrator at а fundamental 
frequency which is an integral submultiple of 
the injected control frequency, thus making it 
а slep-down frequency converter. 


3. Harmonie Control of Multivibrator. — No 
adequate mathematic analysis of the action of 
the multivibrator has been given. In the prac- 
tical case large voltage amplitudes are encoun- 
fered, carrying the operating points of the 
vacuum tubes far beyond the region of the char- 
acteristic which might be adequately treated 
under limited series solutions (for small ampli- 
tude oscillations) such as Van der Pol's (8). But 
large amplitudes аге required to obtain an ex- 


tended series of harmonic frequencies of useful 
amplitude. It thus appears that the only feasi- 
ble investigation of multivibrator oscillations, 
meeting our physical requirements, demands 
sufficiently complete experimentation to permit 
valid generalizations to be drawn. 

The basic assumption of integral ratios be- 
tween the harmonics and fundamental emitted 
by a multivibrator allows frequency compar- 
isons to be made, but does not necessarily imply 
that the controlled multivibrator has a harmonic 
frequency, of value equal to the frequency of 
the controlling source, and of invariant phase 
with respect to this source. A regular, or irre- 
gular, variation in phase might conceivably 
exist. . 

We arbitrarily define the « controlled » state 
for the multivibrator as that state of operation 
in which one of the multivibrator harmonics 
does not change phase with respect to the fund- 
amental frequency of the controlling source by 
more than 360 electrical degress in any arbitrary 
time interval. Then, by the assumption of inte- 
gral harmonic frequencies, the fundamental fre- 
quency of the multivibrator is an exact sub- 
multiple of the controlling frequency. We shall 
examine the experimental conditions for per- 
тапеп у establishing this controlled state on 


the desired harmonic order. 


AH the experiments have been carried out 
with no inductance, save that of strays, in the 
circuits of the multivibrators because it ap- 
peared logical to reduce the electrical inertia to 
a minimum when searching for the most stable 
and unambiguous control condition. 

Preliminary studies indicated that the control 
stability in any multivibrator was, increased by 
the injection of the control voltage into the 
common plate lead of the multivibrator tubes, 
as compared with injeclion into the circuits of 
either tube individually. Such increased sta- 
bility is obtained, however, only if the multivi- 
brator tube circuits are unsymmetrical so that 
an appreciable plate current exists in the com- 
mon lead. 

The use of the unsymmetrical multivibrator 
in this connection resulted from earlier work 
by one of the authors with the symmetrical 


arrangements. Dissymmetry was first attained 
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through the use of tubes of different type, hav- 
ing widely differing filament emissions. Later 
work showed the same result was obtained with 
tubes of the same type, if the circuit constants 
were made dissymmetrical, as by the use of 
resistances 20 to 50 times as great in one triode 
plate circuit as in the other. 


As a result of this dissymmetry, one triode 
operates as a « throttle », the operating point 
sweeping across the entire characteristic from 
saturation to cut-off, while the other triode 
operates substantially as a normal amplifier. 
This type of operation, no matler how attained, 
is characleristically favorable for stable control. 


A tube is employed between the controlling 
source and the multivibrator which does not 
function primarly as an amplifier, but as а onc- 
way relay, whose purpose is lo isolate the stand- 
ard source from reactions due to the multivi- 
brator. This is not only generally desirable, 
but it is a necessily if the standard is to maintain 
its frequency with extreme constancy. An or- 
dinary vacuum tube amplifier circuit is not suf- 
ficient when the controlling frequency is as 
high as 50 k.c. Either a tetrode, utilized as a 
« screened grid » amplifier, must be employed, 
or a carefully neutralized triode. 

The schematic circuit arrangement for a single 
controlled multivibrator is given in figure 1. In 
the absence of the tetrode and the resistance R, 
the uncontrolled multivibrator remains. In this 
work the resistances were fixed variation of the 
fundamental frequency of the mullivibrator at- 
tained by simultaneous variation of the capaci- 
ties, C. In the uncontrolled state, variation of 
these capacities produces a corresponding smooth 
variation of fundamental frequency of the mul- 
tivibrator. 

The application of a controlling voltage, e, 
to the grid of the isolating tube, results in the 
injection of a voltage of the same frequency into 
the multivibrator circuit. Provided that the 
voltage is sufficienlly great, that is, greater than 
a few hundredths of a volt, variation of the con- 
densers, C, no longer produces a smooth and 
continuous change of fundamental frequency of 
the multivibrator. For certain separated ranges 
of values for C, the fundamental frequency. of 
the multivibrator assumes discreet values, these 


aged controlled state ». 


being submultiples of the control frequency and 
invariant over the particular range of C. Ве- 
tween the ranges of C at which these discreet 
frequencies exist there are « transition » ranges 
in which no stable value exists for the funda- 
mental frequency of the multivibrator. In these 
transition ranges the multivibrator attempts to 
oscillate in the controlled and uncontrolled states 
simultaneously, or, if the control voltage be 
sufficiently great, in adjacent controlled states. 
When observed by an oscillograph, it is seen 
that in the latter case the fundamental oscilla- 
tion of the multivibrator consists of a number 
of сусјез of one discreet frequency and then one, 
or more, cycles at another discreet frequency. 
The oscillations alternate between the two fre- 
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quencies in an irregular manner, there being 
no definite number of cycles in sequence of 
either of the two frequencies. 

With small values of controlling voltage the 
operation is generally such that in the transition 
ranges of capacity, between those at which dis- 
creet and invariant values of fundamental fre- 
quency are obtained, the multivibrator oscillates 
in the uncontrolled condition. The regions in 
which control is attained are well defined and 
the controlled state is fairly stable. This mode 
of operation has been termed the « under-volt- 
If the control voltage 
be increaded in magnitude, the transition ranges 
of capacity over which uncontrolled or unstable 
operation is obtained, are reduced progressively 
as the control voltage magnitude is raised, until 
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finally the multivibrator fundamental frequency 
changes abruptly from one mode to the next 
upon varying the capacities through a very 
small transition range. This state of control 
has been termed the « over-voltaged controlled 
state » and represents that condition of opera- 
lion which is believed to be the most stable and 
most desirable. In this condition, variation of 
capacity from maximum to minimum results in 
the production of a series of discreet fundamen- 
lal frequencies, the number of such frequencies 
which may be oblained being dependent upon 
the range of variation of capacily and upon the 
order of control which has been set up. 

If the control voltage be increased beyond the 
point at which the transition ranges first shrink 
substantially to zero an effect which may be 
termed « drawing » is produced. This drawing 
effect consists of a progressive increase in the 
multivibrator fundamental frequency through 
discreet steps representing the successive har- 
monic control orders, as the amplitude of the 
control voltage is increased. In other words, 
the fundamental frequency is drawn toward the 


1. Variations in control voltages e,. 


| Large e.. 


2. Variations in mv. fundamental frequency due 


to symmetrical changes in circuit constants. (C, C, 
varied). 
3. Variations in degree of dissymmetry of mv. 


circuit. (Rp, only varied). 


Based upon the experimental evidence, an im- 
portant generalization may be drawn. Sym- 
metrical changes in circuit. constants produce 
effects similar to synunetrical changes in con- 
trol voltage magnitude. (Changes in control 
voltage are inherently symmetrical in the ar- 
rangement displayed here since the same voltage 


\ 


control frequency as the control influence is 
made stronger. If a particular control order is 
desired this drawing effect must be compensated 
by an increase in the time constant of the multi- 
vibrator. But this in turn tends to remove the 
time constant of the multivibrator circuit away 
from the fundainental frequency at which it is 
being forced to oscillate, which ultimately re- 
duces the control stability on its own account. 
The net result of these opposing effects is the ap- 
pearance of a fairly definite optimum value of 
control voltage for any given harmonic order. 

We come now to somewhat more generalized 
conclusions concerning the dependence of the 
control range, the contro! order and the wave- 
form of the multivibrator oscillations upon varia- 
tions of control voltage magnitude, variations 
in multivibrator fundamental frequency as pro- 
duced by symmetrical variations in the multivi- 
brator circuit constants and variations in the 
degree of dissymmetry of the multivibrator cir- 
cuit produced by a non-symmetrical variation of 
the circuit constants. These considerations аге 
best indicated by an ош пе : 


Limited control range, though control is stable 
within range. 

Waveform of same tvpe for various orders of con- 
trol. 


Maximum control range ; further increases of con- 
trol voltage produce changes in order of control by 
« drawing », with narrowing of control range if e, 
be made large enough. 


Control order changes in successive steps to lower 
orders as fundamental frequency of mv. is raised 
toward control frequencv. 

Control range narrow with small e, ; control range 
wide with large ee,. 

Waveform of same type for the various control 
orders. 


Control order remains constant. 

Waveform alters in discreet steps to forms in 
which the « positive » and « negative » portions of 
the wave are in integral ratios of time, the total time 
remaining constant. 


is injected in the plate circuits of both tubes.) 
These effects are characterized by control at suc- 
cessive orders with no major changes in the 
waveform, Changes in the deyree of dissym- 
metry of the circuit result in discreet changes 
of waveform, the control order usually remain- 
ing fixed. These changes of waveform are char- 
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acterized by discreet changes in the ratio of time 
of negative to time of positive portion of cycle, 
the total time remaining constant. 


It is worthy of note that under no operating 
condition was the stability of control improved 
by distorting the waveform of the control volt- 
age lo produce harmonics which might « lock 
in » with the higher harmonics of the multivi- 
brator. This appears to be due to the fact that 
the effect which we term « control » occurs at 
a certain definite phase relation between the 


MULTIVIBRATOR, Oe WAVEFORM ANP FREQUENCY ОГ CONTROLLEP 
P. MULTIVIBRATOR , AS SHOWN BY es, (Fis 1}. 
FUNCTIONS OF са. С. ANF Re, AS VARIABLES. 


C VARIED 


1716. 2. 


control wave and the corresponding multivibra- 
tor harmonic, and the phase differences between 
the higher harmonics of both sources although 
invariant, may cither aid or oppose the control 
which is already established. 

The oscillograms of figure 2 indicate the phe- 
nomena observed. These oscillograms are line 
drawings of experimental observations of the 
plate current in that multivibrator tube which 
operates through the low external plate resist- 
ance. This current has in all cases the same 
general waveform as the relatively minute plate 
current in the throttle tube and also the current 
in the common plate circuit which includes the 
control tube. 

Diagram А indicates the changes resulting 
from variations of the mâgnitude of the control 
voltage, all other factors remaining constant. 
The waveform remains essentially the same. As 
the control voltage is raised, the fundamental 
controlling voltage. 


These observations suggest a reasonable expla- 
nalion of the fact that in a symmetrical multi- 
vibrator a strong preference is evidence for con- 
trol at even ratios, because of the symmetry of 
the « positive » and « negative » portions of 
the wave. With the dissymmetrical multivi- 
brator such a preference does not appear to 
exist, which is explainable on the basis that 
the inherently unsymmetrical waveform readily 
adjusts itself so that one portion of the wave 
occupies a time interval equal to that of an odd 
number of cycles of the controlling frequency, 
while the other portion of the wave occupies a 
time interval corresponding to an even number 
of cycles of the control frequency. These con- 
ditions are illustrated, in particular, by the 
lower diagram, for the frequency ratio of 1/7. 
Here the « positive» portion of the wave occupies 
a time interval of 3 cycles of the control fre- 
quency, while the « negative » portion occupies 
a time interval of 4 cycles. If the waveform is 
more nearly symmetrical, the multivibrator must 
be forced to operate dissymmetrically, by the 
controlling influence, in order that odd fre- 
quency ratios may be obtained, consequently re- 
quiring a greater controlling influence than in 
the unsymmetrical case. 


In diagram B are shown sketches of the wave- 
forms resulting from variation, in a symmetrical 
manner, of the capacities C of the multivibrator 
circuit, all other factors remaining constant. 
The waveform is seen to remain essentially con- 
stant but the frequency assumes three discreet 
values, bearing the ratios 1/9, 1/8, and 1/7 to 
the controlling frequency. The most stable ad- 
justment of capacities is at a value slightly below 
the middle of the control range. 


Thus these two diagrams, 2A and 2B, illus- 
trate the equivalent effects of synimetrical chan- 
ges of controlling voltage and of circuit con- 
stants, upon the waveform and frequency of the 
multivibrator oscillations. 


Diagram С indicates the changes in wave- 
form as the lower of the two plate circuit resist- 
ances of the multivibrator was varied. In this 
case Rp, was 400,000 ohms, Rp, variable be- 
tween 0 and 18,000 ohms. The multivibrator 
remained in control at all values of Вр,, with 
a fundamental frequency which was one-twelfth 
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of the controlling frequency. The successive 
discreet waveforms were obtained over consi- 


derable ranges of values for Rp, as indicated 
by the marginal notations in: the figure. The 
integral ratios of the times for the two portions 
of the cycle are clearly indicated, as well as the 
manner in which the serrations due to the соп- 
trolling frequency shift by single units as Rp, 
is continuously varied. | 

The assembly finally employed consists of two 
multivibrators in cascade the choice of ratios 
being determined by the available standard fre- 
quency, the normal frequency of the clock mo- 
(ог and the fact that a series of harmonics based 
on 10 kc. fundamental frequency are desired for 
calibration purposes. While frequency ratios, 
with a single multivibrator, of the order of 
90 may be obtained with stable operation, it 
would have been necessary to utilize a second 
multivibrator in this case to obtain the desired 
harmonic series. Therefore the multivibrators 
were compounded, the first operating with a 
frequency ratio of 5, and whose fundamental 
frequency was therefore 10 kc., and the second 
with a frequency ratio of 10, whose fundamental 
was consequently 1 kc. Provision was made 
for a small coupling coil to be inserted in the 


Е16. 3. 


first multivibrator circuits so that the series of 
10 kc. harmonics could be utilized externally. 
The complete wiring diagram of the assembly is 
given in figure 4, on which the values of the 
various circuit constants are shown, as well as 
the normal ranges of supply voltages, through 
which stable control was obtained. 

With careful adjustments of the condensers, 


C, within the control range, stable operation 
has been attained for the following ranges of 
supply voltages, the frequency ratio being 50 for 
the entire assembly : | 


e, from 1.8 to 2.8 volts, at 50 kc. 
E, from 3.5 to 6.0 volts, 
E, from 90 to 135 volts (or more). 


While ranges of supply voltages such as given 
above have been attained many times, the ranges - 


SCHEMATIC WIRING PIAGRAM OF 
CONTROLLED COMPOUND MULTIVIBRATOR. 


shown on the diagram are more indicative of 
nominal conditions, in which no excessive care 
has been used in making the adjustments. Un- 
der these conditions no difficulties are encoun- 
tered in operation while « trickle charging » the 
filament and plate batteries from the commer- 
cial 60 cycle power line. 

The foregoing observations indicate that by 
injecting a 50-kilocycle voltage into the circuits 
of the compound multivibrator it is possible to 
establish a highly stable condition in which the 
fundamental and all the harmonics of both mul- 
livibrator elements are constant in frequency to 
the same degree that the injected voltage is con- 
stant. Moreover the fundamental output at one 
kilocycle bears every indication of being pre- 
cisely controlled by the injected voltage. How- 
ever, the exact mechanism of this control effect 
has not yet been analyzed, and we still have 
no direct experimental evidence that, when 
the multivibrator operates in a condition which . 
has the physical characteristics of being « con- 
trolled », its fiftieth harmonic actually bears a 
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constant phase relation to the control oscilla- 
tion. 

As a final critical test of this point, simulla- 
neous observalions of the control oscillation and 
the fundamental of the multivibrator were made 
by means of a Braun tube. The circuit arrange- 
ment is indicated in figure 8 V. Two tetrode 
amplifiers were used, one coupled loosely to the 
quartz oscillator furnishing the control voltage 
and the other to the output of multivibrator A 
or multivibrator B. The output circuils of the 
amplifiers were carefully tuned so as to empha- 
size the fundamental frequencies of the standard 
oscillator and the multivibrator. When the cir- 
cuits were not accurately resonant, the patterns 
indicated by the Braun tube were highly dis- 
torted. For the operation of Ше compound mul- 
tivibrator, with a frequency ratio of 5 in the 
first and of 8 in the second, the pattern given 
by the Braun tube appeared as sketched in 
figure 3B. 

The form of the pattern clearly indicated the 
frequency ratio of 40, remaining entirely sta- 
tionary. Аз the tuued circuits were changed, 
the phase of one frequency component could be 
shifled with respect to the other, of course, but 
with the circuits fixed, no visible fluctuations 
in frequency, phase or amplitude took place. 
Upon changing either the resistances or the ca- 
pacities of the multivibrator circuits, keeping 
within the control range, a change of phase was 
indicated by the pattern. This change of phase 
was « permanent », — that is, varying the mul- 
tivibrator constants displaced the phase and pro- 
duced a new form of pattern, which form per- 
sisted until some further change was made. 


А similar test, made between the frequency 
of the quartz oscillator and the output of the first 
multivibrator, gave a pattern. which indicated 
the frequency ralio of 5. As before, changing 
the multivibralor constants within the control 
range had the effect of changing the phase be- 
tween the two voltages acting on the Braun 
tube, but for fixed values of the constants, the 
phase remained fixed over indefinite periods. 
In both of these cases, variation of the circuit 
constants to a point where the control order 
changed indicated that a maximum phase varia- 
tion of not more than 80 degrees (between the 


control wave and the synchronized harmonic of 
the multivibrator) could take place before the 
multivibrator jumped out of control at the dc- 
sired order. In this test the multivibrator was 
brought to the edge of a transition range and 
the amplifiers were then adjusted to obtain the 
« in phase » pattern on the Braun tube screen. 
The multivibrator constants were then changed 
across the control range to the opposite transi- 
tion point the resulting change in phase being 
noted. 

Moreover, the controlling frequency may be 
varied slight amounts, the multivibrator ге- 
maining in control. As the variation in con- 
trol frequency is made, the multivibrator suffers 
a slight phase displacement with respect to the 
standard frequency, but as long as the phase 
is not displaced beyond the limit of 30 degrees, 
approximately, the phase takes up the new value 
and remains constant. | 


Continuous observations over periods of ten 
hours have not indicated any perturbations of 
frequency, phase or amplitude of sufficient du- 
ration to register on the Braun tube. After 
making the amplifier circuit adjustments neces- 
sary to obtain a distinctive pattern, on which 
any slight drift in phase would be readily obser- 
vable, intermittent observations over periods of 
several days have failed to show any change 
whatever in the phase of the synchronized mul- 
livibrator harmonic with respect to the control 
voltage. 

We conclude from these observations that this 
state of oscillation of the multivibrator in the 
presence of a high-frequency injected. oscilla- 
tion which we have called the « controlled » 
oscillation throughout the discussion, is in fact 
an oscillatory state wherein the appropriate mul- 
tivibrator harmonic bears a constant and per- 
manent phase relation to the injected oscilla- 
tion. Moreover the frequency of this harmonic 
and hence of the fundamental follows any drift 
or perturbation in the frequency of the control 
oscillation without dropping out of svnchronism 
even a single cycle. The unsymmetrical multi- 
vibrator therefore constitutes а stable submul- 
tiple generator suitable for converting the vi- 
bralions of the piezo oscillator into the rotation 
of a clock train. 
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4. The Piezo Oscillator. — The circuit of the 
90-kilocycle piezo oscillator is shown in figure 4. 


The piezo element P is a normal-cut quartz bar, 
vibrating in the direction of its length; its ap- 
proximate dimensions are 5.0 x 2.2 x 1.4 cm. 
The mounting is shown in figure 5. The bar 
is balanced on a metal support C having a felt 
wedge on its upper surface and confined between 
heavy melal condenser plates B by the pressure 
screw E, carrying a felt pad, the whole assembly 


FIG. 5. 
Quartz bar mounting. 


being mounted on a base of insulating mate- 
rial D. The holder and quartz bar are mounted 
in a constant-temperature chamber. This unit 
consists of an aluminum casting of high heat 
capacity conlaining a cavity for the quartz con- 
denser; the casting is surrounded by an insu- 
lating layer, which is in turn enclosed in a 
closed metal box, heat is supplied from coils 
distributed around this second metal box, the 
heating circuit being closed through a bimetallic 
thermostat positioned, with the heating coils, 
outside the second container. The whole is 
enclosed in a heavily insulated outer box of 
wood. 

The quartz box is maintained in oscillation by 
the triode, operated from plate circuit batteries 
which are independent of the multivibrator bat- 
leries. 

The quartz oscillator circuit is one of the ge- 
neral class in which sustained oscillations are 
impossible without the quartz bar. This type 
of cireuit was chosen because experience with 
numbers of piezo-oscillators used as secondary 
standards has indicated that the frequency of the 
oscillator is in general more precisely deter- 
mined by the mechanical vibration of the quartz 
if no other periodic element is present which 
can support sustained oscillations independent 
of mechanical vibrator. For this reason the re- 
generative element, which is added to augment 


the regeneration through the grid-plate capacity 
of the triode, is a pure resistance. The load in 
the plate circuit, consisting of inductance L 
shunted by capacity C, is far removed from 
resonance at the frequency of the quartz bar. It 
merely represents a convenient method of ob- 
taining the high inductive reactance required to 
sustain oscillations. The coil has an inductance 
of 20 millhenries and the capacity is normally 
sel at about 0.0003 microfarads, thus providing 
an inductive reactance of approximately 15,000 
ohms. This reactance is still approximately pro- 
portional to the frequency in the operating re- 
gion. The capacity C was added, not to aug- 
ment the voltage available form the oscillator, 
since an excess of amplification is provided in 
order to avoid the necessity of large amplitudes 
in the oscillator circuit, but merely to provide 
a means for making fine corrections on the 
oscillator frequency. _ 

The damping coefficient of the quartz bar 
itself has not been determined, but the char- 
acteristics of the whole oscillator in the actual 
operating region are as given in the following 
table. The figures here are the fractional change 
in frequency, positive or negative, for an in- 
crease of two per cent in the specified voltage or 
circuit element. 


Two per cent 
increase in 


Fractional change 
in frequency 


Plate voltage . . — 0.02 x 10-6 
Filament voltage. — 0.04 x 10-6 
Resistance R, . . + 0.8 x 10—6 
Resistance Rọ . . — 0.1 x10-$ 
Capacity . . . .. — 3.0 x10-$ 


lhe temperature coefficient of the quartz bar 
and holder combined is 5.4 x 107" per degree 
centigrade. 


5. Determination of an Unknown Frequency 
between 500 and 1,500 kc. — The specific pur- 
pose of this development was to provide means 
for accurately adjusting a secondary standard 
oscillator to one of the even decimal frequencies 
between 500 and 1,500 kilocycles. The secon- 
dary standards are piezo-oscillators including 
quartz plates mounted in holders with adjusta- 
ble air gaps. The plates аге adjusted to within 
onc-tenth of one per cent by grinding, and the 
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final setting is made by adjusting the air gap 
with a screw provided for this purpose which is 
then locked. The process of referring the ad- 
justed frequency to a standard time interval is 
carried out by coupling the oscillator under test 
loosely to the calibration coil of multivibrator А 
(see figure 4) which has a fundarnental of 10 kc., 
then coupling a third oscillator and detector 
loosely to the combination, and listening with 
telephone receivers to the output of this detector 
as the oscillator under test is adjusted to beat 
zero with the appropriate harmonic of the mul- 
tivibrator. This harmonic can be identified 
without difficulty with a subsidiary wavemeter, 
although there is usually not the slightest ambi- 
guity as to the order of the harmonic, since the 
preliminary adjustment of the test oscillator by 
grinding the quartz is carried out with the aid 
of a heterodyne wavemeter calibrator to an ac- 
curacy of 0.1% and the beat note between the 
oscillator under test and the multivibrator har- 
monic is normally well within the audible range 
before the final process is begun. Since a third 
frequency is superposed on the output of the 
multivibrator and the test oscillator, the fre- 
quency of the test oscillator can be adjusted 
aurally with a precision defined by about one 
beat in five seconds between it and the multi- 
vibrator. 


When this adjustment has been made, the 
frequency of the oscillator under test is known 
directly in terms of the frequency of the quartz 
bar at the time of the measurement, and thus 
in terms of the standard time interval, to a pre- 
cision which depends upon how closely the fre- 
quency of the quartz is maintained at its average 
value. 


The standard time interval now employed in 
this work is one mean solar day, as indicated 
by the radio time signals from the U. S. Naval 
Observatory. The small motor used as an oscil- 
lation counter is geared down through a clock 
train to a large second hand making one rota- 
tion per minute. The synchronous jmpulse mo- 
tor has a toothed rotor of 120 tceth, and is 
driven by two U-shaped magnets around which 
the drive coils are wound. The dial reading is 
compared visually with the standard time sig- 
nals with a probable error of not over 0.05 se- 


cond, the meam being derived from the consecu- 
live observations. Thus the mean frequency 
over each twenty-four hour interval is observed 
with a probable error slightly over one-half part 
in a million. The use of a longer standard time 
interval, to reduce the error in observing the 
mean frequency will not be justified until sub- 
stantial reductions are made in the probable 
short-period perturbations from the mean fre- 
quency. | 

The fluctuation of the piezo oscillator fre- 
quency during the first ten davs in August, 
1928, is shown graphically in figure 6. Each 
point in this curve indicates the average fre- 


DEVIATIONS PROM MEAN IN CPS 


FIG. 6. 


quency during the preceding 24-hours interval 
except in two cases, where the interval was 
48-hours. The horizontal line marked « Mean 
Frequency 50007.6 cps. » is the average for ten 
days. The maximum deviation from the 10-day 
mean is 0.36 cycle during the fourth and fifth 
days. 

The limitations at present imposed upon the 
commercial standards to be calibrated require 
that they be adjusted to an accuracy of ten parts 
in one hundred thousand or better. The 24- 
hour mean frequency of the calibration oscilla- 
tor is known to well within one part in one 
million. The battery voltages are held within 
such limits thal the short-period fluctuations 
attribuable to them are probably negligible com- 
pared with the fluctuations due to temperature. 
A definite correlation was observed between the 
temperature and the long-period fluctuations of 
figure 6. It is reasonable to assume that the 
momentary perturbations from the 24-hour 
mean are not greater than the maximum fluc- 
tuation from the mean observed in a long inter- 
val, which is of the order of eight parts in one 
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million. Thus if the calibration is performed 
with a precision defined by 0.2 cycle in 500,000 
or more, the normal accuracy at present attaina- 
ble in adjusting the oscillator under test is about 
eight parts in one million which is safely within 
the current requirements. The piezo-oscillator 
has recently been adjusted to a mean frequency 
of 50,000.17 cps., and in most oscillator calibra- 
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tions the correction to 50 kc. is neglected, al- 
lowing the adjustment to zero beat of the oscil- 
lator under test. 

The variations in mean frequency of the piezo- 
oscillator as indicated in figure 6, while insigni- 
ficant as regards present requirements, are of 
course much too large for a standard of high 


may afford. 


precision, and are probably not representative 
of the possible performance of the system under 
(ће most favorable conditions which modern 
technique of temperature and circuit control 
But the whole calibration system 
now appears to have been brought to a point 
where the mechanical details are the only elce- 
ments requiring further improvement. 
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SUR UN ONDEMETRE ABSOLU 


POUR LA MESURE DES TRES 


PETITES 


LONGUEURS D'ONDES 


par F. DACOS, | 
Chargé de Cours à l'Institut Montefiore, Liége, Belgique. 


Sommaire. — L'ondemétre décrit ci-aprés est 
basé sur la déviation des rayons cathodiques par 
un champ électrique. 

Deux plateaux déviants sont connectés au cir- 
cuit où l'on veut mesurer la longueur d'onde. La 
très grande impédance de l'appareil fait qu'une 
puissance très faible suffit pour faire la mesure. 
Le dispositif convient pour les ondes inférieures 
à 6 mètres et la précision est satisfaisante. 


Principe. Dans une ampoule vide de gaz, 
une cathode incandescente С recouverte d'oxyde 
de strontium, donne un pinceau d'électrons con- 


venablement délimité par les écrans E, et Е, 


munis de fentes (fig. 1). Le pinceau cathodique 
rase un. écran phosphorescent placé entre les 


FIG. 1. 


deux plateaux déviants P, et P,, et disposé nor- 
maleiment à leur plan. 
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P, et P, sont reliés aux deux armatures du 
condensateur du circuit oscillant traversé par le 
courant dont on veut mesurer la fréquence. 

En l'absence d'oscillations, l'afflux cathodi- 
que se propage en ligne droite suivant l'axe de 
symétrie de l'appareil pris comme axe des X. 

Désignons par ћ la valeur instantanée du 
champ électrique qui existe entre P, et P, et 
supposons que ce champ soit unc fonction sim- 
plement sinusoidale du temps. 


: h == Н sin ex. 


L'équation différentielle du mouvement des 
électrons suivant la direction des y est, avec une 
notation évidente, 

d'y 


€ . > 
qe У по! K sin of, 


qui donne, aprés deux intégrations successives, 


y = — К зіп оѓ + C,t + C, 


C, et C, étant les constantes d'intéeration. 

Pour trouver la relation entre x et y, nous 
remarquerons que le mouvement des électrons 
dans la direction de l'axe des x est uniforme. 


Il s'ensuit que 
z= Vt + G. 


Comptons les temps à partir du moment où 
le champ électrique est nul. 

L'un des électrons du pinceau cathodique pé- 
nétre dans le champ déviant à l'instant ¢,, où 
celui-ci a la valeur h, on a 


Vt 
(sc y EE MEC 


V 


el t= 


La trajectoire de l'éleciron est donnée par 
l'équation 


C, K. o 
у= Со y (@ + Va) — sing (2 + Vu). 
Si nous introduisons les conditions à l'origine 
t—0, х=0, y —0 et - =, 
nous lrouvons 


K | K . K 
С, = — созо et C, = — sin wt — — f, cos wh. 
t) w? W 


En conséquence, l'équation de la trajectoire 
devient : 


K А Kr K . o 
pec sin of, + y cos wh, — — sin c (£ + vt) У 
Cette relation montre que les valeurs de x sont 


indépendantes du temps t,. En effet, de 


ду о 


dx У 


on déduit que 


cos wf, — v cos „(а + Vt) = 0 


COS wt, = COS y (x + Vt) 


ou 
x —(2:1— 1) об + Ет 


et en introduisant la valeur x = 2kr dans 


? 
T = ging (2 + Vi) 
on trouve que la dérivée seconde est positive. 
Les valeurs z — 2rk rendent donc y mini- 
mum. | 
Les trajectoires des électrons pénétrant dans 
le champ déviant à des instants f, différents, pré- 


x X 9 


FIG. 2. 


sentent toutes les ordonnées minima aux mémes 
abscisses, 2,, £2, etc. : 

La figure 2 donne la forme schématique de 
l'enveloppe de toutes ces trajectoires. 

La mesure des différentes abscisses zı, 7,,... 
permet l'évaluation de la longueur d'onde, 
lorsque la vitesse des rayons cathodique est 
connue. Soit X la différence x, — x,, évaluée 
en centimétres, et U la différence de potentiel, 
exprimée en volts, à laquelle le pinceau électro- 
nique est soumis, entre la cathode incandescente 
et l'anode. On a 


X X 
X — Vt et Ve—2 ĈU, de sorte que = e — = 203 —- ст 
m U 
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Comme 


dX ах , dU 


— OS —— me — —— 


), X 20 


et comme il est possible d'évaluer X à un pour 
cent près, ainsi qu'il appert de la figure 3, et U 
à moins du dixième pour cent prés par une mé- 
thode potentiométrique, l'approximation de la 
longueur d'onde par la inéthode décrite est de 
l'ordre du pour cent. 

Au point de vue de l'approximation du résul- 
tat, cette méthode est susceptible d'une amélio- 
ration notable moyennant l'adjonction au dispo- 


"04575 Volts. À= 505. 


- em PEP RASA CRAIN e ts 
Са“ ~ Е , је 


ет rbd hie d tA А me AA SS. a 
ои 4 x пр x x 25 
p ы есче, * CRT v x* tr hu ar RAT ка om то аде а P ram Arce c yee et 
- rer rue * S^ е 3 х : 


Les électrons ne passent dans l'espace E, Е, 
quau moment oü h = 0, la trajectoire, dans 
cet espace E, Е, de ceux d'entre eux qui traver- 
sent l'écran E,, est définie par les équations pré- 
cédentes où l'on pose t, = 0. 

Avec l'origine des coordonnées reportée en 
E, l'équation de cette partie de leur trajectoire 


s'écrit donc 
Не /ог . or 
у = = ep | 
У tm N У V 


En réglant la tension U de manière à modifier 
convenablement la vitesse V, on peut s'arranger 


X = 599 ст. 


AN УК" 


Fic. 3. 


sitif expérimental des écrans Е,, E,, Е,, pour- 
vus comme Е,, d'une fente parallèle aux pla- 
teaux déviants P,, P, (fig. 4). Elle devient ainsi 
une méthode de zéro. 

En l'absence de tout champ électrique entre 
les deux plateaux P, et Р,, le pinceau cathodique 
traverse successivement les fentes des quatre 
écrans et tombe sur une électrode Z reliée à un 


de facon à ce que le premier minimum de y 
coincide avec Е,. 

La tangente à la trajectoire en ce point, dé- 
duite de la dernière équation, est la direction 
que suivront les électrons au delà de l'écran E, 
à partir duquel ils ne sont plus soumis au champ 
déviant h. 

Dans le cas du réglage parfait de V, cette tan- 


гај уапоте ге ou à tout autre systéme mesurant 
la charge électrique communiquée par Гппрас! 
des électrons. 

L'afflux cathodique délimité par је premier 
écran pénètre dans la zone E, E, et sy trouve 
soumis à l'action du champ deviant h qui s'étend 
entre E, et КА. 


cente coincide avec l'axe des г, et 2, frappé par 
les électrons qui traversent aussi. l'écran E, 
prend la charge Q. 

Si la tension U n'est pas convenablement ajus- 
(бе, la tangente en FE; est, par exemple, le seg- 
ment de droite BD qui frappe l'écran E, en un 


7 
• 


point d'ordonnée Y 
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L’électrode Z, ne recevant pas d'électrons dans 
ces conditions, ne se charge pas. 
BD fait avec l'axe des 2 un angle 8 donné par 


tg 8 = 5 | cos “| 
6 ^ oVm V 


et l'ordonnée Y est définie par 


Lorsque Y est plus petit que l'ouverture de la 
fente E,, Z prend une charge inversement pro- 
portionnelle à Y, en supposant homogène l'af- 
ilux électronique qui constitue le pinceau. 

Si lappareil de mesure donne une indica- 
lion а proportionnelle а Q, le diagramme de 


Y 


ouverture de la 
(еп[е E, | 


| 


FIG. 5. 


— f(a)seréduit à deux droites se coupant sur 
xe des x (fig. 5) et on peut poser Y, — Y = ka. 
La coincidence de la tangente avec l'axe des x 
est décelée par а minimum, et, dans ce cas, la 
distance X (fig. 4) exprime exactement la lon- 
gueur d'onde cherchée. Fn effet, pour Y = 0, 


X 
la 


X 
1 — cos = = 0, 


et par suite, 


La fréquence de l'onde se tire de la relation 


bien simple f — ,. 
Le raisonnement suivant permet de détermi- 


ner l'erreur commise dans cette évaluation de 
la fréquence. 

Dans une mesure absolue l'erreur relative li- 
mite est évidement 


df ах ау 
f Xv 

L'erreur sur V provient essentiellement d'une 
erreur sur la différence de potentiel V et on a 
ARED La mesure de U peut s'effectuer au 
millième près. 

L'évaluation de la distance X, qui est de l'or- 
dre d'une dizaine dé centimètres, peut égale- 
ment se faire à moins du millième. П en résulte 
que l'erreur sur la fréquence est alors inférieure 
à deux milliémes. 

Dans la recherche des variations relatives de 
à, lapproximation est encore plus élevée. En 
cffet, remarquons qu'une erreur sur U provient 
d'une erreur de lecture sur а. Recherchons Ја 
relation qui lie V à a. Différentions-la 

Хе uy m 


WX 
GV 1 — cos 7) = ka 


HLe оХ\ 1 wX . oX 
da = Pom (1 = COS +) Vi -— ys 510 E av. 


Comme les choses sont réglées de façon que 
la tangente est à peu près horizontale, c'est- 
a-dire que la relation 1 — cos 2 = 0 est satis- 
јаце, le sinus peut être confondu ауес l'arc et il 


vient 


HLe 


да _ _ | eX? 
2kwVim = Vt 
ou 
4 
dV - kdo 
сі comme 
poe et que pone 
OT 
av | mX da 09 XY, da 


V “S8Hte ‘a 344 1*HL a. 


Le coefficient du terme = est trés petit. 


Ainsi, s'il s'agit, par exemple de mesurer des 
longueurs d'ondes d'environ deux rnétres, 


w= За = 10 


30 Union Radio Scientifique [Internationale 


ct si la différence de potentiel U est de l'ordre 
de 300 volts, 
V = D‘ cm. 
Si, d'autre part, X = L -- 100 cm. et si l'ou- 
verture de la fente E, est de deux millimétres, 
on irouve 


SUR LA MESURE DES 


Pour une lecture de « faite à un pour cent 
prés, l'erreur commise est cette fois inférieure 
au dix milliéme. 

Modifiée de cette facon, la méthode est suscep- 
tible d'une extréme précision. 


Liége, le 1er aoüt 1928. 


LONGUEURS D'ONDES 


par G. PESSION et T. GORIO. - 


Dans ces derniéres années l'attention des ra- 
diotechniciens s'est particulièrement attachée à 
la mesure des longueurs d'ondes de transmis- 
sion ou ce qui revient au même, à la mesure 
des fréquences qui s'y rapportent. Auparavant 
ce probléme n'avait pas été apprécié à sa juste 
valeur, et il n'était pas rare de trouver, méme 
dans les stations radiotélégraphiques d'une cer- 
taine importance, des ondemétres qui présen- 
taient des incertitudes de l'ordre de quelques 
unités pour cent. | 

Le Coinité Supérieur ltalien de contróle des 
postes radiophoniques, créé sous l'initiative de 
s. E Tittoni et de S. E. Ciano, a reconnu la 
nécessité de contróler avec toute la précision pos- 
sible, les ondes des stations de radio-diffusion. 
Dans ce but, un dispositif de mesure précise des 
longueurs d'ondes, moyennes et grandes, c'est- 
à-dire comprises entre 100 et 30,000 métres, a été 
installé à l'Institut Supérieur des Communica- 
tions. 

Ce dispositif est basé sur la méthode bien con- 
nue des harmoniques produites par un multivi- 
brateur d'Abraham. La fréquence fondamentale 
de ce multivibrateur est accordée et synchronisée 
à l'aide d'un diapason donnant Ја note ut;, c'est- 
a-dire 1024 périodes à la seconde. On procède de 
façon qu'au moment de l'accord du multivibra- 
teur avec le diapason, il se produise un effet de 
synchronisation qui permet d'éliminer le con- 
tróle continu de la fréquence du multivibrateur 
pendant les mesures. | 

Le principal probléme que попз avons essayé 
de résoudre, est l'étalonnage du diapason par 


une méthode facile et rapide niais offrant une 
crande précision. 

Comme on le sait, des causes multiples in- 
fluent la fréquence du diapason. Nous avons 
ienu compte d'une étude approfondie de ces 
causes faite par M. le Prof’ Dye (Proc. of Royal 
Soc. of London, May 1923). 

De ces différentes considérations et des expé- 
riences que nous avons faites, il résulte que si 


| 5: 1 
l on cherche une trés grande précision (zm x) 
le diapason doit être étalonné à chaque mesure, 


la température restant rigoureusement con- 
stante pendant toute l'opération. Pour des mesu- 


5 
10 000 
liser un étalonnage déjà fait, pourvu que le 
coefficient de température du diapason soit bien 
connu et que les autres conditions restent les 
mémes. La grande difficulté réside dans l'éva- 
luation exacte de la température du diapason; 
d'après les études du Prof" Granfranceschi de 
l'Institut physique de l'Université de Rome, il 
convient de déterminer la courbe de refroidisse- 
ment relatif. 


res de moindre précision ( ) on peut uti- 


Pour l'étalonnage du diapason et la déterma- 
lion exacte de la fréquence, nous avons imaginé 
une méthode simple et rapide, dont la descrip- 
tion est donnée à l'article ci-après (p. 31). 

Pour la mesure du tenips nous avons utilisé 
une pendule de haute précision de l'Observatoire 
astronomique du Capitole, qui, à l'intervention 
de son Directeur le Prof” Armellini, avait été 
relié par ligne spéciale à notre laboratoire. Les 
tables des valeurs numériques indiquent le degré 
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de précision que l'on peut obtenir au cours d'une 
Journée. 

Les principaux avantages de la méthode que 
nous proposons sont les suivants : 

1. Elle permet d'effectuer dans les mèmes 
conditions de fonctionnement que le multivi- 
brateur d'Abraham, l'étalonnage du diapason 
iinmédiatement avant et aprés chaque série de 
inesures. 

2. La méthode n'exige pas que l'alternateur 
utilisé pour l'étalonnage tourne à vitesse con- 
stante; ce qui est difficile à obtenir. 

Pour montrer le degré de précision que l'on 
peut aisément obtenir, nous avons appliqué la 
méthode à l'étalonnage d'un cristal piezo-élec- 
trique et à l'étalonnage de l'émission de la nou- 
velle station radiotélégraphique de Torrenova 


prés de Rome. Pour le cristal, la moyenne de 
trois mesures faites dans unc méme série d'expé- 
riences avec (— 13.5, et f = 72684,5; valeur 
qui différe de quelques dix-milliémes de celle 
déterminée par une méthode tout à fait diffé- 
rente à l'Institut de la Marine à Livourne, qui 
s occupe d'une manière spéciale de l'étalonnage 
des quartz. Pour la mesure de l'onde de Torre-- 
nova, on a obtenu les valeurs de 2991,2, 2991 et 
2990,5 m. différentes également de quelques 
dix-milliémes. 

En conclusion, on voit qu'à l'aide de la mé- 
(оде exposée, notre Institut peut contrôler 
d'une façon rapide et précise, entre 100 et 
30,000 m., soit les vibrations des ondemétres de 
commerce et de laboratoire, soit celles des sta- 


Lions d'émission. Rome, le 6 septembre 1928. 


MEASUREMENT OF THE FREQUENCIES 


OF DISTANT 


А RADIO TRANSMITTING STATIONS 


by а. PESSION! and T. GORIO? 


(‘Captain Royal Italian Navy, Rome, Italy; ?Chief of Radiotelegraph Laboratory, Royal Experimental 
Institute of Communications, Rome, Italy.) 


SUMMARY. — The equipment installed in the Italian 
Royal Experimental Institute of the Communications 
for radio-fréquency measurements is described. The 
7neasurements are based upon the utilization of har- 
7nonics generated by the Abraham multivibrator 
controlled by a 1024-cucle tuning fork. The factors 
which can influence the variation of the tuning fork, 
with special regard to the action of temperature, are 
examined. A simple and rapid method is described, 
which permits of control of the frequency of the 
tuning fork at the beginning and at the end of each 
measurement, and determines, with great accuracy, 
the frequency of the harmonics between which the 
wavelenght to be measured is included. Such а 
method consists in comparing the frequency of the 
Luning fork with that generated by an alternator, 
and in recording, through a chronograph, the beat; 
included between the two frequencies, the number ој 
revolutions, and frequency of the alternator together 
with the time furnished by a pendulum of the Astro- 
nomical observator y. 

Some examples of calibrations are reported, show- 
ing that the degree of precision assured varies from 
1 to 5 per 100,000. 


The problem of measuring the frequencies of 
distant radio transmitting stations with the 


best possible accuracy has recently seriously 
attracted the attention of workers in the radio 
field. This problem was not fully appreciated 
in the past. It was not a rare thing to find 
wavemeters giving uncertainties of the order of 
several per cent even in some of the principal 
radio stations. At the present time the question 
of precise measurement of the frequencies of 
radio transmitting stations has become of ut- 
most importance because of the great increase 
in the number of radio stations, many of which, 
as for example, broadcasting stations, must be 
operated simultaneously. As a result, all the 
most important laboratories are now equipped 
for radio-frequency measurements of the high- 
cst precision. | 

In Italy the necessity of undertaking special 
studies and researches in the various govern- 
ment laboratories for the purpose of construct- 
ing radio-frequency standards was pointed out 
last June by Prof. Corbino, President of the 
Italian Committee of the U. R. S. I. 

Recently the Superior Committee for Vigilance 
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on Italian Broadcasting, presided over by Sena- 
tor Tittoni, recognizing the necessity of check- 
ing the frequencies of the emitted waves of the 
Italian broadcasting stations, charged the Min- 
_istry of Communications with the execution of 
these high precision measurements. 

The object of this paper. is to describe the 
apparatus used in the Royal Experimental Insti- 
tute of Communications for the measurement 


of long and medium waves between 100 and 


30,000 meters (3,000 and 10 ko). 


The system 


Fic. 1. 


Circuit Used in Measuring the Frequencies of 
Distant Radio Stations. 


is based on the well known principle of harmo- 
nics produced by means of the Abraham multi- 
vibrator. The set employed can also be utilized 
for the measurement of shorter waves, but we 
believe that measurements of this kind should 
preferably be made with other methods, the 
description of which will be contained in a later 
paper. 

The multivibrator fundamental frequency is 
synchronized by means of a tuning fork giving 
approximately 1024 cycles per second. The 
tuning fork is operated and maintained in oscill- 
ation by the Eccles triode circuit, in the plate 
circuit of which is inserted the primary of a 
transformer whose secondary is in series in the 
multivibrator plate circuit (see fig. 1). 

Using this arrangement, when the multi- 
vibrator is approximately tuned to the tuning 
fork frequency a synchronizing effect takes place 
over a rather broad zone in the neighborhood of 
the tuning fork frequency. Thus the difficulty 
of a continuous control of the multivibrator 
frequency during the measurements is comple- 
tely avoided. 

Two heterodyne generators complete the set- 
up. Figure 2 illustrates the arrangement of the 
measuring apparatus. 


Normally only one heterodyne generator is 
used. When it is necessary to'standardize the 
shorter waves of the above-mentioned scale of 
frequencies the other generator is adjusted 1o 
the harmonics of the first one. Both heterodynes 
can be used for determining the order of the 
harmonics. For instance, the 96th harmonic 
of the multivibrator can be more easily found 
as the 8th harmonic of the 12th, or the 6th 
harmonic of the 16th, than by picking it up 
directly. Moreover, uncertainty is removed 
when there is the possibility of determining a 
particular harmonic by two different methods, 
especially when there is no possibility of obtain- 
ing adjacent harmonics, as in the example 
above. After the harmonics are identified, the. 
calibration of the wavemeter is easily obtained 
by measuring with it the frequencies of the 
electron-tube generators, successively adjusted 
to the different harmonics. 


The measurement of a transmitting station 
frequency is obtained first by synchronizing one 
of the generators on the unknown frequency, 
by means of a non-oscillating receiver, and then 
measuring that generator frequency with the 
calibrated wavemeter. If a very high precision 
is required the heterodyne oscillator may be 
used as a frequency meter. At the time of the 
measurement the multivibrator is adjusted to 
frequencies very near those to be measured and 
the corresponding reading of the heterodyne 
condenser observed. By successive interpolation 
the value of the frequency is obtained, which 
corresponds to the condenser setting for which 
the condition of zero beat exists between the 
heterodyne and the incoming signal. Every 


possible precaution should be taken during this 


procedure for maintaining the frequency of the 
heterodyne constant. | 
The piezo-electric crystals, now widely used in 
radio, can also be considered as high-frequency 
tuning forks, having а low temperature coeffi- 
cient and sufficient stability to permit their use 
in the construction of very good secondary stand- 
ards of frequency. The calibration of a piezo- 
electric crystal can be obtained by connecting 
it in the usual circuit, and then measuring its 
frequency by means of a calibrated electron tube 
generator. The same procedure described above 
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Fic. 2. 
Interior View of the Radio-Frequency and Calibratiom Set. 


FIG. 5. 


Interior View of the Apparatus Used in the Tuning 
Fork Oscillation. 
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for the measurement of a transmitting station 
frequency is used. 


The tuning fork calibration, which is undoub- 


tedly the principal problem connected with this 
kind of measurement, has required the develop- 
ment of a rapid and easy method, capable of 
giving satisfactory precision. This is obtain- 
able in the usual electrotechnical laboratory 
practice. 

First, it is necessary to consider how far it is 
possible to rely on the constancy of the tuning 
fork frequency. 


It is known that for a tuning fork the number 
of vibrations of the fundamental frequency is 
directly proportional to the prong thickness, 
inversely proportional to the square of its 
length, and directly proportional to the square 
root of the fraction E/D, in which E is the 
modulus of elasticity and D the density of the 
steel of the tuning fork. "Temperature, which 
affects directly the modulus of elasticity, is tlie 
principal factor influencing the frequency of 
the tuning fork (frequency). 

It is known that between N, which represents 
the tuning fork frequency at temperature #, and 
N, which is the same frequency at zero de- 
grees C, the following relation exists : 


N = N, (i — at — Br) 


Normally, в is very small and t? can be neg- 
lected but the coefficient 4 in the common 
steel tuning forks varies between 0.000088 and 
0.00012. Consequently, in the ordinary tuning 
forks there are frequency variations due to 
temperature changes which may be in some 
cases of the order of several parts per thousand. 


In the electrically-driven tuning forks, other 
factors besides the temperature have an effect 
on the frequency stability, but their effects are 
not marked. It is known that the tuning fork 
frequency decreases when the amplitude of the 
tuning fork vibrations increases. Consequently, 
it is clear that any variation in the excitation 
current (that is, the filament current of the 
vacuum tube), or of the capacity shunting the 
exciting coils, or of the load applied to the 
secondary of the transformer, is accompanied 
by corresponding variations in the tuning fork 


frequency. A very accurate study of these sub- 
jects has been made by Dr. D. Dye (*). 

As a result of the above considerations we 
reached the conclusion that in measurements 
requiring a high degree of precision (1 to 5 parts 
in 100,000) it is necessary to calibrate the tuning 
fork each time before the measurement and to 
maintain an absolute constancy of temperaturc. 
When less precision (5 parts in 10,000) is re- 
quired a former calibration can be used, but in 
this case the temperature coefficient must be 
known and the other conditions (relating to the 
tubes, plate current, etc.) must be exactly those 
which were used during the former calibration. 

We believe that the exact determination of 
the tuning fork temperature, which lags behind 
the temperature of the surrounding air, con- 
stitute the greatest difficulty of this measure- 


20 40 4 20 
Fic. 3. 


ment. For example, Prof. Gianfranceschi, who 
conducted investigations on the 870-cycle stand- 
ard tuning fork of the Physical Institute of Ro- 
me, found a tuning fork cooling curve similar 
to that shown in figure 3. He has also found 
by calculation that in the case of the above 
mentioned standard tuning fork the coefficient a' 
of the equation of the curve 


T= T, — T,- ет 
was given by : 
a! = 0.02339 


where T and T, were, respectively, the tuning 
fork temperature at the instant t and the tempe- 
rature of the air, and T* represented the excess 
of the initial temperature of the tuning fork 
over that of the temperature of the air. 


(°) Proc. Roy. Soc. of London, p. 240, May, 1923. 
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By the method we have developed we can 
obtain the calibration of a tuning fork very 
simply and quickly. In figure 4 is shown the 
stator winding of a small Siemens 100-toothed 
alternator of the induction type connected in 
series with the secondary of the transformer in 
the output circuit of the multivibrator amplifier. 
This alternator is driven by a d. c. motor which 
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Fic. 4. 


Circuit Diagram of the Method Adopted for the Calibration 
of the Multivibrator Tuning Fork. 


carries on the same shaft a small d. c. generator. 
In order to obtain a steadier speed of the revol- 
ving gear this generator can be loaded with a 
resistance coil of a suitable value. Moreover, 
a centrifugal speed regulator of the type used 
in the Hughes telegraphic apparatus is used on 
the revolving shaft for the same purpose. In 
order to obtain a frequency from the alternator 
as near as possible to the tuning fork frequency, 
a stroboscopic figure composed of 39 sectors is 
drawn on the alternator rotor and is observed 
through a small window, open at each semi- 
vibration, by an auxiliary electrically-driven 
tuning fork having a frequency of 200 cycles 
per second. 


When the stroboscopic figure appears still as 
viewed through the small window, the number 
of revolutions per second n attained by the alter- 
nator is such that the following relation exists : 


14" 14" 
39 X п = 200 x 2 


As the rotor has 100 teeth the corresponding 
frequency of the above conditions is given by : 


400 
[= x 100 


which is very near to the frequency of the tuning 
fork. 

When the alternator frequency is close to the 
tuning fork frequency, beats will be heard in 
the loud speaker telephone in series with the 
amplifier output transformer of the multivibra- 
tor and the Siemens alternator. А suitable 
amplifier followed by a vacuum-tube detector 
shunts the loud speaker. In the plate circuit of 
the detector we have placed a very sensitive Bau- 
dot relay, having coils with 11,500 turns each, 
and a resistance of 5000 ohms per coil. This 
relay is operated at each beat. | 

The installation shown in figure 5 is com- 
pleted by a three-pen recorder. One of the 
pens is actuated by the above-mentioned relay; 
the second is actuated by a contact which closes 
every 10 revolutions of the motor-alternator 
shaft, and the third is controlled by a contact 
on the standard pendulum in the Astronomic 
Observatory of the Campidoglio, which is recei- 
ved by means of a special line. Figure 6 shows 
one of the records obtained. Dots (a) show the 
number of beats, the dashes (b) indicate the time 


Fic. 6. 


intervals (a one-second dash each two seconds), 
and dots (c) furnish the number of tens of the 
alternator revolutions, that is, the number of 
thousand cycles of the alternator current. 

We have found that the alternator speed need 
not be kept absolutely constant during the mea- 
surement, and that it is not necessary to observe 
the stroboscope continuously. Conditions are 
satisfactory for measurements when the diffe- 
rence between the alternator and the tuning 
fork frequencies remains the same as indicated 
by the note in the loud speaker. This condi- 
tion is ordinarily obtained when beats are not 
too fast to be recorded. By means of the loud 
speaker it is possible to control at each instant 
the regular working of the beat recorder relay. 
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If small variations of the alternator speed are 
required, they can be obtained by means of the 
d. c. generator loading resistance or directly by 
changing the mechanical regulating mecha- 
nism. 


· Evidently, if n is the number of the alternator 
cycles in a certain time ё, and а is the number 
of beats recorded in the same time, the tuning 
fork frequency will be given by n+.a/t. The 
sign to be applied at a can be obtained by ob- 
serving the stroboscopic figure corresponding to 
zero beat. In the case of the Institute installation, 
at zero beat the stroboscopic figure appeared to 
revolve slowly in the direction of the shaft revo- 
lution. As the same figure normally had a 
grealer speed in the same direction for the ordi- 
nary frequencies we came to tlie conclusion that 
the sign of a was negative. 


Using a temperature controlled box (thermo- 
stat) we were able to obtain the calibration of 
the Institute tuning forks at various tempera- 
tures, and thus it was possible to obtain the tem- 
perature coefficient, which was 0.105 part in 
1000. This is very near to that of 0.12 part in 
1000 stated by the tuning fork manufacturer. 
Such a coefficient may be used for ordinary 


calibration in which case the tuning. fork fre- 
quency can be calculated by means of the for- 


mula : 
— 4026.1 x (4 — 0.000102 t) 


where t is the tuning fork temperature (Centi- 
grade scale) that may be deduced from the air 
temperature by introducing proper corrections, 
and 1026.7 is the number of vibrations reduced 
to zero obtained from a long series of tests. 

Using the above mentioned formula it is 
necessary to keep in mind that besides the un- 
certainty existing in the value of t, there is 
another source of error by assuming the quan- 
tity N,—1026.7 as a constant. This is because 
the supply current in the tuning fork circuit can 
change in the intervals between the various 
measurements, causing other differences of 
several parts in 100,000 from one test to another. 
This is especially true when the tests are made 
on different days. Consequently, when a high 
precision is required the tuning fork calibration 
must be repeated for each measurement. 

Table I, which refers to measurements made 
on March 15, 1928 at a mean air temperature 
of 19 deg. C gives a clear demonstration of the 
precision of the present method. 


TABLE I. 
Calibration of the Tuning Fork. 


No. DATE. 


Тетрегашге. | Seconds. 


cycles 
n. 


1 4 March 1928. 19» C. 104 107.000 
9 066 983.435 
3 326 335.610 
4 488 502.733 
5 1366 1,408.716 


The principal advantages of the method de- 
scribed are the following : 

(1) It permits the tuning fork calibration both 
before and after the various series of measure- 
ments, that is, under conditions which are 
practically the same as those existing duriug the 


Alternator 


Beats Total | Tuning fork Tuning fork Jumps 
Mean 
number cycles ем from the 
N=n—a.| f= frequency. pial 
.t De 


431 106. 563 


1,024,644 | 4,024,698 | — 0.054 
3469 579.966 | 41,024,674 — 0.024 
1551 334.059 | 4,024,720 + 0.022 
9665 500.068 | 4,024,720 + 0.022 
8954 1,399.765 | 4,024,720 + 0.022 


use of the tuning fork as an exciter of the multi- 
vibrator. 

(2) It avoids the necessity of obtaining an 
absolutely constant speed of the alternator. 

In order to demonstrate the method followed 
during the measurements and the degree of pre- 
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TABLE II 
Calibration of the Piezo-electric Crystal No. 1 
March 45th, 1928 
== 44 deg. C. Measured tuning fork frequency : f — 1025.90 


Number heading ot rth heterodyne 5 ИЕ of ЈЕ 
condenser for the harmonics eterodyne condenser . 
po at zero "beats with the Interpolation frequency 
` Tist | 10th crystal frequency 
Means Tist harmonic 19189.15 
of 3 822.96 981.98 840.3 70th harmonic 11164.65 
observations Crystal frequency 72682.10 


March 48th, 1928 
t == 13 deg. C. Measured tuning fork frequency : f = 1025.42 


Means 74st harmonic 19804.8 


of 7 807.76 973.70 827 36 70th harmonic 71779 .4 

observations Crystal frequency 74683. 6 

Means | Tist harmonic 79804. 8 

of 16 808.44 | 973.79 827.16 70th harmonic 7AT19.4 

observations | | Crystal frequency 72685 .2 
TABLE III 


Measurement of the Frequency Emitted by Torrenova (Roma) Electron Tube Transmitter 
March 47th 1928 
t=13 deg. C. Measured tuning fork frequency : f= 1025.22 


Number Readings of the . Readings of the 
heterodyne condenser heterodvne condenser | | Wavelength 
of the for the harmonies : Interpolation frequency 
| at zero beats with the (for V = 999 89.105 m 
cL Torrenova frequen i | ) 
98h | 9 ARS 
I Series 
1 906.0 961 8 Mean of 97th harmonic 99446.34 
2 906.0 967.8 8 ноде: 97th harmonic 100474 .06 
3 906 0 961.9 Torrenova freq. 100240.78 m 9290.8 
Mean 906 0 
II Series 
1 906.7 968 0 Mean of 
.9 906.5 967.8 14 uc A EE Torrenova freq. 100235.06 m 2991.9 
3 906 6 968.1 .84 
Mean 906.6 968.0 
Ш Series 
1 907.0 968 3 Mean of 
2 906.9 968.2 15 У o : Torrenova freq. 100238.06 m 9991.0 
3 907.0 968 4 .91 
Mean 906 97 


— ———————————————— a 


IV Series | 
1 907.5 969 .5 Mean of | 
27 ое A ; Torrenova freq. 100207.5 m 2990.5 
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cision obtainable, we give the following two 
examples : 

(1) The calibration of a piezo-electric crystal 
(Table II). 

(2) The measurement of the frequency emit- 
ted by a tube transmitting set of the Rome (Tor- 
renova) high power radio installation (Table 111). 

The general mean value of the three series of 
measurements made on March 15 and 18, 1923, 
gives 72684.5 as the crystal frequency. This 
value, at a temperature of about 13.5 deg. С 
differs by + 3.44 parts in 100,00 from the value 
72682 determined on December 12, 1997 by 
the Naval Radio Laboratory in Leghorn at a tem- 
perature of 14.8 deg. C, but using a different 
method. 

It can be seen that the sign of the frequency 
difference is in accord with the temperature 


difference, so there is a perfect agreement be- 
tween Rome and Leghorn measurements. 

The control installation is completed by a 
series of five standard piezo-electric crystals 
calibrated as described above. 

We believe that very quick determinations 
over a wide range of frequencies can be easily 
made bv utilizing the oscillations and the har- 
monics produced by the above mentioned cry- 
stals together with an electron tube generator. 

Bv means of the methods and apparatus de- 
scribed above the Experimental Institute of Com- 
munications is now in a position to make fre- 
quency measurements of distant radio trans- 
mitting stations with accuracy and precision 
and to exercise, as required, the necessary con- 
trol of the waves of radio transmitting stations. 


RADIOTELEGRAPHIC DETERMINATION OF LONGITUDE 
by M. HASIMOTO. 


1. Introduction. — А resolution to fix а lon- 
gitnde net by observation of Radio Time Signals, 
was made in 1922 at the Congress of (ће, Inter- 
national Astronomical Union which met at 
Rome, and the details of method and arrange- 
ment were discussed at the mecting of the Inter- 
national Union of Geodesy and Geophysics at 
Madrid in 1924 and that of the Astronomical 
Union at Cambridge in 1925. 

To carry out the scheme, rhythmic signals 
were broadcasted from eight stations during 
October and November 1926, and those from 
Nauen were also available to the same purpose. 


The astronomical observatorv or station with 
proper equipment, which would cooperate as 
first class, has to receive Time Signals from two 
different groups of radio-stations at least, to get 
relations between stations, the longitude diffe- 
rence of which is more than 8 hours on both 
sides of it, while the second class station has to 
link it with a principal station by means of some 
of the time signals. 

It was reported that 21 observatories joincd 
as the first class and about 20 as the second 
class. 


The Tokvo Astronomical Observatory joined 
the service as the first class, and tried to receive 
the radio signals as many as possible, to secure 
(ће best result for the longitude differences. 

The astronomical observation for clock correc- 
lion was carried out twice a day in every clear 
morning and evening. with an easy reversible 
tvpe transit instrument made ђу Bamberg's 
Work in Berlin and another from Prin in Paris. 
A meridian circle made by Gautier in Paris was 
also used in the evening, but the result did not 
avree with those of the smaller instruments. 
The astronomical clock Riefler N° 858 was used 
as a time piece. 


2. Reception of Radio Signals. — We succee- 
ded in registering 6 stations with lone wave, 
and an operator succeeded to obtain the impres- 
sions of Annapolis in the latter half of Novem- 
ber, in spite of the very powerful interferences 
of Kahuku at Hawaii Island. 

Short notes about individual station are as 
follows : 

BoRDEAUX. The signals at 8h G. M. T. were very 
weak during October and atmospheric disturhan- 
ces very strong, but towards the end of Novem- 


о» 
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ber, the intensity of signals increased and the 
reception became rather easy, but the impression 
was not good. 

The signals at 20h G.M.T. were generally 
strong and good. 


SAIGON. The signals were very strong and almost 


free from disturbances. 


HoNoLuLU. а) It was generally easy to receive the 


signals, but towards the end of November, that 
‘at 20h 30m G.M.T. suffered from atmospheric 
disturbances and the record was missed several 
limes. 

b) Signals with 37 metres at 10h 40m G.M.T. 


thought that we can get a better result by recei- 
ving signals from as many stations as possible. 


MALABAR. The signal intensity was pretty strong 


but it was sometimes disturbed by the messages 
of nearer stations and made difficult to record. 


ANNAPOLIS. The wave length of this station is so 


near to that of Kahuku, that it was almost hope- 
less to receive Annapolis as long as Kahuku is in 
action. Fortunately impressions of the signals 
at 3h 10m and 10h 10m were obtained, which, in 
spite of very bad definition of the records, will 
be of great service in adjusting the value of lon- 
gitude. 


were not impossible to receive, but were sacri- Nauen. The signals were pretty strong during the 
ficed to get the signals from Malabar, as it was season. 


TABLE I. — List of Radio Stations. 


WAVE LENGTH NUMBER OF RECORDS 


STATION | G.M.T. OF EMISSION TAKEN AT TOKYO 
in metre 
October | November 
Bordeaux 18900 8^ 49 — 8^ ба 8 19 
20 1 — 20 6 31 29 
ISSV- ue 44 de dom cS Ad de dox 32 8 1 — 86 = m 
20 1 — 20 6 == E 
Eiffel Tower . 2650 9 30 — 936 — = 
| 29 30 — 22 36 — S 
Saigon . x € we Xo NÉ X 3 15800 about 11 30 30 26 
id. 19 0 91 26 
Annapolis 11145 | 310 — 315 — 3 
10 10 — 10 15 — 14 
20 ne — 20 15 — = 
Bellevue. 25 and 15 320 — 3 25 — = 
10 20 — 10 25 = == 
20 20 — 20 25 — = 
Honolulu 11500 330 — 335 31 29 
10 30 — 10 35 30 30 
| 90 30 — 20 35 31 23 
Id. RW bw eR X UE ea Е 31 340 — 3 45 == ees 
10 40 — 10 45 — 1 
20 40 — 20 45 — m 
Malabar | 15600 | 10 40 — 10 45 | 26 | 25 
Nauen Я : | 18000 | 42 1 — 12 6 | 30 | 28 
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3. Reduction of Longitude of the Tokyo Ав- ver are available for reduction of the longitude 
tronomical Observatory. — At present, the times of Tokyo. Taking differences between the local 
of radio signals at Greenwich, Paris, Potsdam, times of observations, I got the values in the 
Washington, San Diego, Ottawa, and Vancou- table И. 


TABLE II. — Longitude Difference. 


TOKYO — PARIS 


mn————————————————————————————————————————M———— 


Wave Difference Num | Fondide M. E. 
um. : ; 
RADIO STATION | length | G. M. T. of at cons Diféence | of Single | Residual. 
in metre. Distances. | Comp. 
Bordeaux . . . 18900 8^ 1 — 54 9% 1871081806 | = 0:0305 — 
30 1 — 116 10 1710 | + 0 0326 — 
Total + 85°47 170 10 1740 — + 0*0014 
Annapolis . 11145 10 10 + 43 28 18 10 1319 | = 0 0342 | — 0 0202 
Saigon 15800 19 0 — 52 32 18 | 40 4060 | = 0 0327 | + 0 0003 
Adjusted Longitude. . . . . . . . . . 951810 1311 
Time required by radio wave to traverse 
10 degrees of great circle arc. . . . . . 0. 00488 
Transmission Time round the Earth . . . 0.115 
POTSDAM — TOKYO 
Wave Difference Num Longitude M. E. 
RADIO STATION | length |G. M. T. . of of comp. Difference: of Single | Residual. 
in metre. Distances. Comp. 
Bordeaux . . . 18900 8^ 4» — 59 94810: 4334 | + 0°0249 — 
20 1 — 4 122 10 1235 | = 0 0330 — 
Total + 80°03 174 10 1264 — — 0 0008 
Nauen 18000 12 1 + 79 96 118 10 1279 | = 0 0292 | + 0 0008 
Adjusted longitude. . . . . . . . . . 9^18210: 0946 
Transmission Time round the Earth . . . (0 160) (*) 


(* Mean of values from Paris-Tokyo, Washington-Tokyo, and Washington-Greenwich. 
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WASHINGTON — TOKYO 


Difference M. E. 
RADIO STATION length | G. M. T. of E гопа осе of Single Residual. 
in metre. Distances. P. | Comp. 
Bordeaux. . . . 18900 8^ 1» — 50 14^ 26295* 8829 | + 0° 0302 — 
20 1 — 108 25 8745 | = 0 0276 — 
Total | + 36°94 - 158 25 8771 — + 0° 0015 
Annapolis. . .. 11145 3 10 — 5 25 8934 — | — 
10 10 — 25 25 8956 — — 
Total | + 97°79 30 95 8952 | = 0 0417 | — 0 0036 
Honolulu. . . . 11500 3 30 — 4 25 8395 — — 
10 30 — 98 25 8550 — — 
Total | — 14210 62 25 8540 | = 0 0338 | — 0 0021 
Adjusted Longitude. . . . . . . . . .14:96=25: 8615 
Time required to traverse 10 degrees arc. . . 0.00382 
Transmission Time round the Earth . . . . 0.137 


SAN DIEGO - TOKYO 


Wave Difference 


Num. Longitude 
RADIO STATION | length | G. M. T. of 34 ofSingle | Residual. 
in metre. | | Distances, | 91 comp. рсе тр. 
Bordeaux . . .| 18900 8b 1а — 38 | 417" 6758:4924 | + 0° 0388 — 
| (14 98 516) by ear. 
Total | + 8°82 38 58 4924 |  — + 00011 
Annapolis. D 17145 З 10 — 5 58 4770 — — 
10 10 — 25 58 5107 — — 
Total | + 64°94 30 58 5048 | + 0 0395 | + 0 0007 
Honolulu. . . . 11500 3 30 — 116 98 4876 | + 0 0283 — 
10 30 — 116 58 4883 | = 0 0285 — 
20 30 — 96 58 4867 | = 0 0245 — 
Total | + 18°06 328 58 4816 — — 0 0008 
Saigon . RES S 15800 | 19 0 | — 80°84 | 103 | 58 4559 | = 0 0265 | + 0 0006 
Malabar . . . | 15600 | 10 40 | — 79°02 | 59 | 58 4544 | = 0 0254 | — 0 0016 
Adjusted Longitude. . . . . . . . . . 47 6758:4824 
Time required to traverse 10 degrees arc. . . 0.00335 


Transmission Time round the Earth . . . . 0.121 
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GREENWICH — TOKYO 


Wave Difference M. E. 
RADIO STATION Jun G. M. T. of pn meee of Single | Residual. 
in metre. Distances. ч В Сотр. 
Bordeaux . . . | 18900 | 90^ 1" | + 88917 | 112 | очачон | = 0:0303 | — 0:0009 
Nauen . . . . | 18000 1800 | 19 1 LAN + 72 24 ELLE 98 | 10 1448 | + 0 0293 | + 0 0015 
Annapolis . . . | 17145 ETS 10 10 FE + 48 88 EFE 14 | 10 1256 | = 0 0361 | — 0 0061 
| Adjusted Longitude . . . . . . . 9b48m40s 1441 
Transmission Time round the Earth. . (0.160). 


OTTAWA — TOKYO 


Wave Difference M E. 
RADIO STATION length | G. M. T. of Es usd ofSingle | Residual. 
in metre. Distances. p. Comp. 


Bordeaux 8" је — 84 14'9|= 90681 | = 0 0295 — 
20 1 — 120 2 0503 | = 0 0347 — 
Total | + 44°07 114 2 0559 = + 0° 0040 
Nauen . . . . | 18000 | 19 1 | + 25 42 | 112 | 2 0295 | = 0 0374 | — 0 0089 
Annapolis . . . 11145 3 10 — 5 2 0908 — — 
10 10 — 25 2 0980 — — 
Total + 81 85 30 2 0968 | + 0 0339 | + 0 0011 
Honolulu . . . 11500 3 30 — 43 1 9976 | = 0 0489 — 
| 10 30 — |. 90 2 0184 | + 0 0387 — 
20 30 — 38 4 9882 | + 0 0418 — 
Total — 13 85 111 9 0064 — + 0 0019 
Adjusted Longitude . . . . . . . . 14'217 20165 
lime required to traverse 10 degrees Arc. 0.00863 


Transmission Time round the Earth. . . 0.311. 
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VANCOUVER — TOKYO 


i Wave Difference . M. E. 
RADIO STATION | length | С. M. T. of Pus Cogo ofSingle | Residual. 
in metre. Distances. P- | Comp. 
Bordeaux . . . 18900 8^ 1" — 26 11^ 30238* 4371 | + 0046 — 
20 1 — 14 38 4539 | = 0 0268 — 
Total | + 17993 40 38 4430 — — 0 0185 
Annapolis . . . | 11145 | 10 10 | + 63 83 | 13 -— | 38 em | = 0 0427 | — 0 0101 
Honolulu . . . 11300 3 30 — 61 38 4697 | = 0 0401 — 
10 30 — 61 38 4731 | = 0 0368 — 
20 30 — . 57 38 4537 | = 0 0494 — 
Total | + 16 99 194 38 4661 — + 0 0051 
Saigon . . . . 15800 11 30 — 54 38 4174 | = 0 0313 — 
19 0 — 32 38 3985 | = 0477 — 
Total — 67 48 86 38 4104 — — 0 0010 
Ajusted Longitude. . . . . . . . . . 419%30™38* 4510 
Time required to traverse 10 degrees arc . 0.00587 
Transmission Time round the Earth . . . 0.211 
GREENWICH — WASHINGTON 
Wave Difference . M. E. 
RADIO STATION | length of гас ofSingle | Residual. 
in metre. Distances. з. Сотр. 
Bordeaux . . . | 18900 | 20* 1% | 102 5h 8215* 727 | = 0*0197 | 
Annapolis . . . 17145 10 10 — 92 15 7715 | + 0 0246 — 
| 20 10 — 96 15 TT18 | = 0 0211 — 
Total | — 5224 188 15 7747 — — 
Adjuted Longitude. . . . . . . . . . 535 845 1503 
Time required to traverse 10 degrees arc . 0.00468 


Transmission Time round the Earth . . . 0.168 
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GREENWICH — OTTAWA 


Wave Difterence Lons tude M. E. 
RADIO STATION length | G. M. T. . of Difference of Single Residual. 
in metre. | Distances. | Сотр. 


Bordeaux . . . | 18900 | 90" 4» — 44°10 | 114 5! 27519043 | + 0:0233 | + 0*0080 
Nauen . . . . | 18000 | 19 1 | — 46 81 | 96 | 51 8851 | + 0 0307 | — 0 0092 
Annapolis . . . 47145 10 10 — 94 51 9571 | = 0 0274 — 
90 10 — 96 51 9631 | = 0 0261 — 
Total + 46 30 190 81 9611 — — 0 0009 
Adjusted Longitude. . . . . . . . h 9=§1*9280 
Time required to traverse 10 degrees arc. 0.00719 
Transmission Time round the Earth . . 0.289 


GREENWICH — PARIS (Correction to the Longitude in use). 


Wave Difference 
RADIO STATION length | G. M. T. . of 
in metre. Distances. 


M. E. 
of Single | Residual. 
Comp. 


Longitude 
Difference. 


Bordeaux . . . | 18900 208 Де | + 0903 108 | — en | = 050266 | — 0:0028 


Annapolis . . . 17145 10 10 — 63 — 0 0115 | = 0 0309 — 
90 10 — 64 — 0 0463 | + 0 0253 — 
Total | — 2 47 127 — 0 0139 = + 0 0069 
Eiffel Tower . . 2650 9 31 — 99 — 0 0951 | + 0 0256 — 
99 31 — 116 . — 0 0260 | = 0 09256 — 
Total + 2 97 915 — 0 0359 — — (0 0099 
Adjusted Correction. . . . . . . . . — 0:0219 


POTSDAM — GREENWICH (Correction to the Longitude in use). 


Wave Difference M. E. 
RADIO STATION length | G. M. T. of 5 уза joies of Single Residual. 
in metre. Distances. | °°"COmMP. Sd Comp. 
Bordeaux . . . 18900 | 20" 4% — 5914 | 114 | + 0:0233 | + 00207 + 0:0002 
Nauen . . , | 18000 12 1 + 7 13 | 100 | + 0 0180 | + 0 0218 | — 0 0003 


Adjusted Correction. . . . . . . . . + 0:0212 
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VANCOUVER — WASHINGTON 


Wave Difference , М. Е. 
RADIO STATION | length | С. M. T. o а теце ofSingle | Residual. 
in metre. Distances. P. Comp. 
Bordeaux 18900 8" 17 01 oh 401255636 — — 
20 1 14 12 5642 — — 
Total| — Eu 68 19 5637 | + 0:0368 | — 0:0292 
Annapolis . . 11145 3 | 34% | — — 50 12 5929 | = 0 0381 — 
10 10 — 96 19 5930 | = 0 0997 — 
20 10 — 58 12 5890 | = 0 0381 — 
| Total — 33 96 164 12 5913 — + 0 0052 
Bellevue. . . . 15 3 20 — 42 19 5938 | = 0 0482 — 
| 10 90 — 60 12 5955 | + 0 0318 — 
Total — 33 96 102 12 5948 — + 0 0083 
Honolulu . . . 11500 | 3 30 — 2 12 5558 — — 
10 30 — 28 12 6225 — = 
Total + 31 09 30 12 6180 | + 0 0414 | + 0 0024 
Id. 37 3 40 — 6 12 6128 — — 
10 40 — 22 12 6180 — — 
Total + 31 09 28 12 6234 | = 0 0146 | + 0 0082 
Adjusted Longitude. . 2 9^4m1256015 
Time required to traverse 10 degrees arc. 0 00454 long wave 
0 00440 short wave 
Transmission Time round the Earth . . 0 163 long wave 


0 158 short wave 


SAN DIEGO — WASHINGTON 


Wave Difference M. E. 
RADIO STATION | length | G M. T. of г. ofSingle | Residual. 
s in metre. Distances. (*) E Comp. 
Bordeaux. . . .| 18000 | 8*4» | — 92842 | 28 | 240396120 | == 00266 | — 00015 
Annapolis. . . . 11145 2 55 — 58 32 6107 | = 0 0241 — 
3 10 — | 60 32 6097 | + 0 0237 — 
10 10 — 55 32 6115 | = 0 0229 — 
20 10 — 52 32 6081 | = 0 0250 — 
Total 
Bellevue . . . . 15 3 20 — 43 32 6289 | + 0 0234 — 
10 20 — _ 43 · 32 6286 | = 0 0288 — 
Total | — 32 86 310 ... 82 6113 — 0 0000 
Honoluu. . . . 11500 3 30 — 2 32 6560 — — 
10 30 — 39 32 6426 — — 
Total | + 32 13 31 32 6434 | = 0 0319 0 0000 
‘Adjusted Longitude . . . . . . 2400395 6275 
Time required to traverse 10 degrees arc... 0 00494 
Transmission Time round the Earth. . . . . 0 178 


(*) Mean of 1st and 306th signals is taken for comparison. 
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I assume the following coordinates for astro- TABLE IV. 
nominal observatories. RADIO STATION LONGITUDE LATITUDE 
ла Bordeaux . 048 М + 4442 
OBSERVATORY LONGITUDE LATITUDE Saigon . 406 43 E + 10 47 
Gideon. (o "n 0" + s [o 98’ 38" Nauen . 12 55 E | + 52 39 
Paris. 990144 E + 4838041 Malabar 107 36 E _— 656 
Potsdam 13 388E + 82 99 56 Annapolis. 1627 W + 38 59 25" 
Washington 77 357 W + 3855144 Honolulu . 15758 М — + 21 21 45 
San Diego. 41712 GW 4+ 39 42 96 Eiffel Tower . 2 17 44" Е + 48 81 30 
t 19 43 0W 45 23 29 . 
nae и i In the present state of things, we can safely 
Vancouver. 193 7 W + 48 31 
Tok 139 32 30 E 8520081 take the Earth as a sphere; so I got the follo- 
PES Pee wing distances between the stations, in degrees 
And for radio stations. of great circle arc. 
TABLE V. 


OBSERVATORY. | Bordeaux. Saigon. Annapolis. 
Greenwich . 64° 7'9 — 59° 43! 4 
Paris . 6 30.0 91° 7'2 55 1.8 
Potsdam . 11 56.1 — — 

Washington . 55 1.5 -— 0 29.0 
San Diego 83 26.8 119 38.1 33 20.4 
Ottawa. 90 54.0 — 6 25.6 
Vancouver 14 1.4 106 14.5 34 26.7 
Tokyo. 91 58.1 38 47.7 98 16.6 


Nauen. Honolulu. | Malabar. | Eiffel Tower. 
8 1'0 — — 3° 0'2 
7 41.6 — — 0 24 
0 17.0 — — — 
— 69» 53! 4 — ‚= 
— 37 41.4 13198' 5 — 
54 49.2 69 40.5 — — 
— 38 49.8 — — 
80 14.3 55 49.4 52 7.6 — 


4. Adjustment of the Longitude Differences. 
— Аз we can easily see bv inspecting Table II, 
the value of longitude varies as the difference 
of distances (rom radio stations. То solve it 
by the least square method, I take AX + a 5) 
= w, as the form of the equation of condition. 
Where, Ad is correction to assumed value to get 
longitude difference free from distance of radio 
stations S,, is the difference of distances in unit 
of 10 degrees of great circle arc, a is a constant 
which shows time wanled by radio wave to tra- 
verse 10 degrees of great circle arc, and w is the 
observed value minus the assumed value. 

The solutions are given in the Table II, the 
residuals (observed minus computed) are pretty 
small. 


The following remarks should be made as 
regards the value of a x 36 i.e. the time wanted 
by radio wave to go round the Farth. 

1. San Diego-Tokyo : « too small ». It seems 
that the correction due to lag applied to the 
limes for Saigon and Malabar at San Diego is 
too large. | 

2. Vancouver-Tokyo and Ottawa-Tokyo. « Too 
large. » It seems that fainter signals were heard 
too late, at Ottawa and Vancouver. 

3. From the experiments of Abraham, Dufour 
and Ferrié in 1912 and 1913, with galvanome- 
ter, and those on short wave echoes at Geltow, 
and the studies of high-frequency radio wave 
propagation made by Taylor and Young at Belle- 
vue, 1928, it is highly probable that the quic- 
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kest time of arrival of radio wave round the 
Earth is near 0°140. From the present observa- 
tion with ink recorder, it comes out to be very 
near 0°160. To explain this discrepancy, I dare 
to take an analogy of earthquake wave through 
the earth crust, where maximum movement fol- 
lows sometime after '"S'phase: and in the case of 
thunder storm, we hear the loudest sound soon 
after the first shock. 

It seems to me that thc radio wave which is 
strong enough [0 move the recorder, follows 
some time after the first tremor, which is ho- 
wever quite sufficient to niove а very sensitive 
palvanometer. 


9. Lag of Time in Recorder. —- The lag of 
time in the receiving set at Tokyo, i.e. time ђе- 
tween the arrival of wave at antenna and record- 
ing of signal, was not yet taken into accounti 
M M. Miyadi, an engineer in Mitaka Time Sla- 
tion, carried out experiment on it, and proved 
lhat the lag lies between Q* 009 and 0 * 016, 
and varies with the final current at the recorder; 
the smaller the lag, the larger the current, and 
independent of incident wave length. By this 
experiment, we can guess that the actual lay 
during the longitude observation to be a figure 
something like 0 * 013, while the personal equa- 
tion on time observation, which lies between 
6 * 01 and 0 * 02, remains unknown at present. 
| therefore postpone to introduce definite cor- 


rection for lag of time till more exact determi- 
nation is made in the future. 


As final result, I 


6. Longitude of Tokyo. 


have : 
TABLE VI 
корт т-а 
Tokyo—Greenwich 9518710:1111 
lokyo—Potsdam— Greenwich 10 1128 
Tokyo—Paris— Greenwich . 10 1092 
lokyo—Washington—Green wich 10 1112 
Tokyo — San- Diego — Washington — 
Greenwich . "А u.s | 10 1046 
lokyo — Vancouver — Washington — 
Greenwich. . . . . . 10 0992 
Токуо — Ottawa — Greenwich . 10 0885 


hejecting the last two values through Ottawa 
or Vancouver, where the signals were observed 
by ear, and might contain soine unknown equa- 
tion due to hearing, affecting the value of lon- 
vitude, and taking the mean of the first 5, the 
longitude of the Tokyo Astronomical Observa- 


(огу at Mitaka nr. Tokyo comes out to be 


9^18"10'111 East of Greenwich. 
Applying the correction of time lag and roun- 
ding, Tokyo is 
9^18^10'10 East of Greenwich. 


July 1928. 
Tokyo Astronomical Observatory, 


LES RETARDS A L'ENREGISTREMENT DES SIGNAUX HORAIRES 
RADIOTELEGRAPHIQUES 


(Mesures effectuées sur le dispositif d'enregistrement du Bureau International de l’Heure 
à l'Observatoire de Paris) 


раг M. R. JOUAUST 


AVERTISSEMENT. — Le travail ci-dessous a été 
effectué à l'occasion de l'opération mondiale de 
détermination de longitudes et n'avait d'autre 
but que de dissiper les appréhensions de certains 
astronomes relativement à la précision de la mé- 
thode de déterminaiion de l'heure par enregis- 
trement de signaux radiotélégraphiques. 

Certains résultats expérimentaux nous ayant 
paru susceptibles d'intéresser les radiotélégra- 
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phistes, nous avons cru devoir le communiquer 
à ГО. К. 5.1. mais nous l'avons laissé dans la 
forme où il a été présenté à l'Assemblée géné- 
rale de l'Union Internationale Astronomique. 

ll ne faut pas perdre de vue que ce travail a 
сіс rédigé surtout pour des astronomes ce qui 
explique la forme trés élémentaire donnée à 
l'explication du fonctionnement des appareils 
radiotélégraphiques. 
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Certains des 'phénoménes mis en évidence 
semblent mériter une étude plus compléte et des 
expériences complémentaires que nous nous pro- 
posons d'exécuter par la suite. 


ж 
ж ж 


L'opération mondiale de délerminalion des 
longitudes exécutée en octobre et novembre 1926 
semblait se préter à une mesure de la vitesse de 
propagation des ondes radiotélégraphiques et, 
en effet, les astronomes chargés du dépouille- 
ment des observations n'ont pas manqué d'éva- 
luer cette vitesse (*). 

Les résultats ont été assez surprenants. Les 
vitesses trouvées ont été nettement inférieures à 
la vitesse de la lumiére et les différences sont 
telles qu'elles sont assez difficilement explica- 
bles avec les idées actuelles sur le mécanisme 
de propagation des ondes. 

On pouvait se demander dans ces conditions 
si les faibles valeurs trouvées n'étaient pas dües 
à une erreur systématique et en particulier si, 
comme l'a supposé M. LamBert, le retard à 
l'enregistrement des signaux radiotélégraphiques 
n'était pas plus élevé pour les signaux faibles 
(provenant de postes éloignés) que par des si- 
gnaux forts (postes rapprochés). 

Telles sont les considérations qui nous ont 
amenés à entreprendre sur le dispositif d'enre- 
gistrement des signaux horaires installé au Bu- 
reau International de l'Heure ces mesures dont 
nous allons parler. 

Il importe tout d'abord de décrire sommaire- 
ment l'installation radiotélégraphique. 

Les ondes radiotélégraphiques captées par un 
cadre sont amplifiées tout d'abord par un ampli- 
ficateur haute fréquence à transformateurs, la 
différence de potentiel amplifiée est appliquée 
entre le filament et la grille d'une lampe dont la 
plaque est alimentée par un courant de haute 
fréquence de période légérement différente de 
celle des signaux reçus. Il en résulte la produc- 
tion dans la plaque de cette lampe d'un courant 
de fréquence musicale qui subit dans l'ampli- 
ficateur méme une premiére amplification à fré- 


(*) LITTAL, Transactions of the American Geophysical 
Union. (Bulletin of the National Research Council, по 61, 
p. 50.) 

— LAMBERT, Comptes rendus de l'Académie des Sciences, 
1928. 


quence musicale au moyen d'une derniére lampe 
couplée par transformateur non accordé à l'avant- 
dernière. Le courant de fréquence musicale sor- 
tant de ce premier amplificateur que nous dé- 
signerons par la lettre Z est envoyé dans un 
deuxiéme amplificateur M,. Cet appareil est du 
type amplificateur à basse fréquence à transfor- 
mateurs. Mais il présente cette particularité que 
deux des transformateurs de liaison présentent 
un entrefer réglable. Comme en outre des con- 
densateurs sont placés en dérivation sur les 
enroulements de ces transformateurs, ceux-ci 
peuvent étre accordés sur une fréquence musi- 
cale déterminée et l’amplificateur se montre 
excessivement sélectif. Les signaux sortant de 
l'amplificateur M, sont envoyés dans un troi- 
мете amplificateur M; comportant deux lampes 
couplées par résistance : une lampe détectrice 
utilisant le procédé du condensateur shunté, et 
une derniére lampe donnant une amplification 
à courant continu. Cette lampe est couplée à la 
lampe détectrice par une résistance shuntée au 
moyen d'un condensateur de l'ordre du micro- 
farad. C'est dans la plaque de cette derniére 
lampe que se trouvent les enroulements des 
oscillographes Авванам dont le déplacement du 
style s'enregistre sur une bande de papier 
enfumé. 

Nous n'insisterons pas sur la description de 
ces oscillographes qui sont une modification de 
l'appareil bien connu de Marcel DEPREz et qui 
ont été décrits dans plusieurs publications. 

Le mécanisme d'enregistrement des signaux 
est donc le suivant : 

Le courant de haute fréquence transformé en 
courant de fréquence musicale dans l'amplifica- 
teur Z et fortement amplifié par l'amplifica- 
teur M, et les deux premières lampes de M,, est 
transformé en courant continu par la lampe 
détectrice de M,. 

Autrement dit, pendant toute la durée du si- 
gnal, le courant continu permanent filament- 
plaque de la détectrice subit une variation pro- 
voquant elle-méme une variation du courant 
filament-plaque du dernier étage à courant con- 
tinu. Il en résulte que ce courant traversant les 
enroulements des enregistreurs, le style de 
ceux-ci est dévié pendant toute la durée du 
signal. 
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Au Bureau International de l'Heure, on prend 
le moment où le style commence à dévier pour 
caractériser l'instant du signal. Certains obser- 
vateurs avaient. proposé d'utiliser au contraire 
l'instant du milieu de la déviation. Nous verrons 
tout à l'heure que cette manière d'agir peut con- 
duire à de grosses erreurs. 

Le probléme qui se posait pour nous était donc 
le suivant: Existe-t-il un retard entre l'instant 
où les ondes frappent le collecteur aérien et celui 
où Penregistreur commence à dévier, quelle est 
son importance, est-il variable avec l'intensité 
des signaux reçus? 

Théoriquemeut ce retard doit exister et quel- 
ques considérations sur le mécanisme de la dé- 
tection permettent. facilement de s'en rendre 
compte : 

Comme il a été dit, l'appareil enregistreur du 
B. I. H. utilise pour la transformation du cou- 
rant de fréquence musicale en courant continu 
le phénomène de détection par la grille. Le con- 
ducteur reliant au filament la grille de la lampe 
détectrice est coupé par un condensatcur de 
l'ordre du millième de microfarad shunté par 
une résistance de plusieurs mégohms. Lors- 
qu'une différence de potentiel alternative est 
appliquée entre filament cet grille, et lorsque 
l'allernance rend ја grille positive, celle-ci ab- 
sorbe quelques électrons qui chargent le соп- 
densateur. Le potentiel de la grille s'abaisse. 
Pendant lalternance suivante, le condensateur 
tend à se décharger à travers la résistance qui le 
shunte, mais étant donnée la valeur élevée de 
celle-ci, la décharge n'est pas compléte et au 
moment de Vallernance positive suivante, la 
grille a conservé un potentiel un peu plus faible 
que sa valeur primitive. 

Celle. troisième alternance. donne une nou- 
velle charge négative au condensateur, le po- 
teutiel de grille s'abaisse à une valeur plus faible 
qu aprés la première alternance et le processus 
continue jusqu'à ce que le potentiel de grille ait 
alteint une valeur négative telle que la quantité 
d'électricité perdue par le condensateur par dé- 
charge à travers la résistance pendant les alter- 
nances négatives, soil égale à la quantité d'élec- 
Lricité apportée par les électrons pendant l'alter- 
nance positive. D'autre part, chaque abaissement 
du potentiel de grille entraine une diminution 


du courant plaque par rapport à sa valeur de 


régime, variation qui prend une valeur fixe 


quand le potentiel de régime est lui-méme fixé. 

Comme on le voit, un certain temps est né- 
cessaire pour que les valeurs de régime soient 
atteintes. On s'en rend très bien compte sur les 
enregistrements par ce fait que la déviation du 
style est progressive. Mais dans le cas actuel, ce 
qui nous intéresse c'est le temps nécessaire pour 
que le potentiel de la grille atteigne une valeur 
lelle que le courant plaque de la lampe détec- 
Irice commence à diminuer. A priori, il semble 
que celle diminution doive commencer dés la 
première alternance rendant la grille positive. 
En réalité un autre phénomène, la détection par 
la plaque, vient se superposer à la détection par 
la grille. 

Nous avons dit que le potentiel de la grille 
s abaissail, en réalité c'est la valeur moyenne de 
ce potentiel qui s'abaisse, mais le potentiel griile 
subil par rapport à ce potentiel moyen des уа- 
rialions alternatives de fréquence égale à celle 
des oscillations de fréquence musicale qu'on 
cherche à détecter. 

Les alternances positives ont donc tendance à 
augmenter le courant plaque, les alternances né- 
gatives à le diminuer mais par suite de la cour- 
bure des caractéristiques des lampes les diminu- 
lions sont inférieures aux augmentations, le cou- 
rant moyen plaque tend à augmenter. C'est ce 
phénoméne qui constitue la détection par la 
plaque. On voit que cette détection se manifeste 
par une aclion sur le courant plaque de sens 
inverse à la détection par la grille. Ce que nous 
observons en réalité, c'est la différence des dé- 
vialions. La détection par la plaque est un 
phénoniène instantané tandis que comme nous 
l'avons vu, il faut un cerlain temps pour que la 
détection par la grille atteigne son effet maxi- 
mum. ll est donc fort possible qu'au début les 
deux actions se détruisent, produisant ainsi une 
apparence de relard sur la détection grille qui 
est seule utilisée. 

Nous allons voir les curieuses complications 
quamene la superposition des deux phéno- 
mènes. 

Les relards qu'on cherchait à évaluer étant 
évidemment faibles, il a paru nécessaire pour les 
mesurer avec précision, d'utiliser un appareil à 
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déroulement plus rapide que les enregistreurs à 
noir de fumée utilisés en général. 

On pourrait à la rigueur augmenter mécani- 
quement cette vitesse de déroulement, mais un 
enregistreur photographique а semblé préféra- 
ble et nous avons utilisé l'oscillographe de BLon- 
DEL. Nous disposions d'un appareil de ce genre 
à trois équipages et permettant des enregistre- 
ments continus sur bande de papier sensible. 
Cet appareil avait été mis à la disposition du 
B. I. Н. par le Laboratoire Central d'Électricité. 


Les opérations à effectuer semblent à priori 


fort simples : 

Produire un signal au moyen d'un poste local. 

Faire circuler le courant détecté sortant des 
appareils d'enregistrement dans un des équi- 
pages de l'oscillographe, un autre équipage étant 
parcouru par un courant circulant dans un cir- 
cuit que ferme l'appareil de manceuvre produi- 
sant les signaux. 

Mais certaines difficultés praliques se rencon- 
trent lorsqu'on cherche à appliquer ce mode 
opératoire. Quel que soit le mode de manipula- 
tion employé, le poste local n'obéit pas immé- 
diatement. Heureusement de nombreux détails 
relatifs à la facon dont se produisent les signaux 
se relévent trés facilement sur le cliché fourni 
par l'oscillographe el, par leur interprétation, 
permettent de sc rendre compte de l'instant ini- 
tial de ce signal. 

Pareille interprétation n'eüt pas été possible 
avec les enregistrements sur bande enfumée sur 
lesquels ces détails n'apparaissent pas par suite 
de la trop grande inertie des appareils. 

Le premier procédé de manipulation employé 
était le suivant : Le circuit grille du poste local 
émetteur était coupé par une capacité de l'ordre 
du microfarad shuntée par une résistance de 
plusieurs mégohms. Dans ces condilions par un 
mécanisme sur lequel nous n'insislerons pas, 
car il s'agit d'un montage bien connu, il se pro- 
duit des émissions rythmeées qui, avec les con- 
stantes choisies, se reproduisaient à peu prés 
toutes les secondes. L'un des équipages de l'oscil- 
lographe était parcouru par le courant plaque 
des lampes de l'émetteur local, le deuxiéme était 
placé à la sortie des appareils récepteurs el le 
troisième dans un circuit alimenté par le secteur 
d'éclairage de l'Observatoire, La fréquence du 


courant de ce secteur élant de 42 périodes par 
seconde, on avait ainsi sur Је cliché une échelle 
de temps. 


La figure 1 représente le relevé obtenu. Nous 
donnons ci-dessous un dessin schématique dans 
lequel nous avons exagéré les particularités du 
cliché pour permettre de suivre plus facilement 
son interprétation. 

Au bas de la figure sc trouvent figurées les 
indications du galvanométre intercalé dans le 
courant plaque de Foscillographe. On voit que 
ce courant commence à croitre au point А. Mais 
il est à peu prés certain que le poste ne com- 


/ 


D 


FIG. 1. 


mence pas immédiatement à osciller et que la 
naissance des oscillations correspond au bec du 
tracé. C'est donc l'instant de B que nous prenons 
comme début initial de signal. Cette manière de 
faire est јиз псе par ce fait qu'à l'instant B nous 
voyons de petites oscillations apparaitre dans le 
tracé fourni par l'oscillographe placé à la sortie 
de l'appareil récepteur. | 

La détection n'étant jamais compléte, du cou- 
rant de fréquence musicale peut-être perçu à la 
sortie de l'appareil amplificateur et c'est ce cou- 
rant de fréquence musicale qui se traduit par les 
oscillations que l'on voit dans le tracé relevé 
à la sortie du système amplificateur. L'appari- 
tion de ces oscillations précisément à l'instant B, 
justifie le choix que nous avons fait de cet 
instant pour début du signal. On constate que 
le spot de l'oscillographe placé derrière des am- 
plificateurs ne dévie pas immédiatement mais 
à l'instant C. C'est le retard à la détection dà au 
róle de la capacité, retard dont nous avions envi- 
sagé l'existence théorique. En utilisant. l'enre- 
gislrement du secteur qui figure à la partie su- 
périeure du cliché, nous pouvons évaluer ce 
retard BC qui est de l'ordre de 2,5 millièmes de 
seconde. | 
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Plusieurs clichés relevés dans les mémes con- 
ditions ont fourni des résultats identiques. 

Le cliché que nous avons reproduit, présente 
certaines particularités intéressantes au point de 
vue de l'étude du mécanisme de détection par la 
grille. L'émetteur auxiliaire cesse évidemment 
d'osciller en D. 

А ce moment du reste les oscillations de fré- 
quence musicale disparaissent du tracé de l'en- 
registrement mais la déviation du spot du galva- 
nomètre loin de revenir à zéro commence par 
augmenter et le galvanomètre ne revient à sa 
position d'équilibre qu'à un instant F bien posté- 
rieur à la cessation du signal. 
` La raison de ces apparences est la suivante . 

Le courant détecté qui fait dévier l'oscillo- 
graphe dans la région CD’ est comme nous 
l'avons dit, la différence entre l'action détectrice 
de la courbure inférieure de la caractéristique 
plaque. Cette derniére aclion cesse en méme 
temps que le signal. Le condensateur au con- 
traire ne se déchargeant pas immédiatement, 
puisqu'il est shunté par une résistance trés éle- 
vée, son action continue à se produire méme 
aprés la cessation du signal et à l'instant D' on 
observe l'action intégrale de la détection grille, 
tandis que dans la région CD’ on n'observait que 
cette action diminuée de l'action de la détection 
plaque. C'est ce qui explique que la déviation du 
spot de l'oscillographe commence par augmen- 
ler au moment où le signal cesse. Ces phéno- 
тепез avaient déjà été prévus théoriquement, 
mais à notre connaissance ils n'avaient jamais 
été relevés expérimentalement au moins dans 
les conditions de la pratique. 


On voit en tous cas que la durée du signal 
enregistré est beaucoup plus considérable que la 
durée réelle du signal. Cette durée apparente 
dépend de la valeur de la capacité de détection, 
de la valeur de la résistance qui la shunte (va- 
leur dont la constance ne saurait être assurée, 
les résistances élevées telles qu'on sait les réali- 
ser ayant toujours tendance à augmenter). On 
voit donc que ce serait une grosse erreur de 
prendre pour instant du signal le milieu de l'en- 
registrement. 

Dans une autre série d'expériences, on a uti- 
lisé pour faire émeltre les signaux au poste local 
le procédé de manipulation utilisé pour les postes 


à arc. On modifiait la fréquence des oscillations 
en mettant en court-circuit une partie de l'in- 
ductance du circuit oscillant. Le fonctionnc- 
ment du manipulateur provoquant cette opéra- 
lion amenait en méme temps la fermeture d'un 
circuit el faisait circuler un courant dans l'un 
des équipages de l'oscillographe. 

Les premières expériences exécutées par ce 
procédé conduisirent à des résultats assez déce- 
vants. Les retards mesurés étaient beaucoup plus 
considérables que ceux obtenus par le premier 
mode opératoire. Ces retards élevés furent attri- 
bués au fait que l'émetteur local n'obéissait 
pas immédiatement à la commande, c'est-à-dire 
qu'un certain temps s'écoulait entre le moment 
où l'inductance était mise en court-circuit et 
celui où les oscillations atteignaient la fréquence 
correspondant à la nouvelle valeur de son cir- 
cuit oscillant, fréquence pour laquelle étaient 
réglés les divers circuits d'accord du système 
récepteur. Pour se rendre compte qu'il en était 
bien ainsi un certain nombre d'expériences fu- 
rent entreprises. L'amplificateur sélectif pour 
fréquence musicale M, fut supprimé. On sup- 
prima également le condensateur dont nous 
avons fait mention et qui dans l'amplificateur M, 
shunte la résistance de liaison entre la lampe 
détectrice et la lampe amplificatrice à courant 
continu. Ce condensateur avait pour effet d'é- 
louffer le courant de fréquence musicale qui 
passe malgré la détection, de telles sortes que les 
petites oscillations auxquelles nous avons fait 
allusion dans l'interprétation du cliché de la fi- 
gure 1 n'étaient pas toujours trés visibles. En 
opérant comme nous venons de le dire, toute 
sélection. де fréquence musicale étant suppri- 
mée, l'accord des circuits haute fréquence se 
trouvait insuffisant pour empécher les disposi- 
tifs d'enregistrement d'être actionnés aussi bien 
par l'onde de repos que par l'onde de travail. 

On pouvait suivre par l'écoute au téléphone la 
manipulation de l'émetteur local qui se tradui- 
sait par un changement de note, mais les appa- 
reils enregistreurs (oscillographe ou style) dé- 
viaient dés que l'émetteur local était en fonction- 
nement. On constatait tout au plus une légère 
augmentation de cette déviation lorsqu'on pas- 
sait sur l'onde de travail. Ceci montre еп parti- 
culier la nécessité d'utiliser dans les dispositifs 
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d'enregistrement des circuits sélectifs pour fré- 
quence musicale. Faute de cette précaution les 
enregistrements seraient impossibles par suite 
du brouillage causé par des postes puissants 
méme assez éloignés. 

Les résultats obtenus sont représentés par la 


figure 2 dont nous donnons comme précédem- 
e 


NET ЧИ 


= С: D 
IG. 2. 
ment unc représentation schématique еп en exa- 
gérant les particularités. | 

La fermeture du manipulateur provoquant le 
signal a lieu à l'instont А. On voit que les oscil- 
lations n'ont atteint la fréquence correspondant 
à l'onde de travail qu'à l'instant С donc légère- 
ment en retard sur la manœuvre du manipula- 
teur, de même ctlui-ci est ouvert à l'instant B et 
ce n'est qu'à l'instant D que la fréquence des 
oscillations musicales enregistrées cesse de cor- 
respondre à londe de travail. L'intervalle de 
temps АС mesuré sur le cliché est égal à 0,005 
seconde. | 

Or, précisément les retards élevés constatés 
plus haut étaient de l'ordre de 0,006 seconde. 
Le retard dà à la détection serait de l'ordre de 
0,001 seconde, les 0,005 seconde supplémen- 
taires étant dû au retard de l'émission sur la ma- 
nœuvre du manipulateur. Pour vérifier qu'il en 
était bien ainsi, nous avons rétabli l'amplifica- 
teur M, et repris les mesures de retard en em- 
ployant encore pour l'émission du signal la mise 
en court-circuit d'une partie de l'inductance du 
poste émetteur. 

Mais le condensateur shuntant la résistance de 
liaison lampe détectrice-lampe à courant con- 
tinu n'avait pas été rctabli. 

Dans ces conditions les oscillations de fré- 
quence musicale sont trés visibles et c'est leur 
apparition dans le trait du signal enregistré que 
nous prenons comme début du signal. Le 
cliché 3 (fig. 3 et 4) représente les résultats 
obtenus. | 

On constate bien que l'apparition des oscil- 
lations dans le trait caractéristique du signal 


enregistré est en retard de 0,005 seconde sur le 
moment oü le spot correspond à l'émission du 
signal a commencé à dévier, mais que le spot 
correspondant au signal enregistré dévie à 0,001 
seconde prés au moment où les oscillations de 
fréquence musicale commencent à paraitre. Le 
retard dans ce cas serait de l'ordre du milliéme 
de seconde. 1] est un peu plus faible que dans 
les premiéres expériences, ce qui peut corres- 
pondre au temps de charge du condensateur 
shuntant la résistance de liaison qui avait été 


supprimée dans les derniéres expériences. 


On peut donc bien affirmer que le retard est 
compris entre 0,001 et 0,002, plus vraisembla- 
blement de l'ordre de 0,002 seconde. Il importe 
de remarquer qu'une précision plus grande n'est 
pas possible. 

La détection par fréquence musicale ne peut 
commencer que pour la premiére alternance 
rendant positive la grille de la lampe détectrice. 

Il y a donc sur le moment où peut se produire 


ГАТА 


FIG. 3. 
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cette détection une indécision de l'ordre de la 
durée d'une alternance. Si pour des raisons de 
commodité, on est amené à régler la note de 
battement des oscillations à une fréquence un 
peu basse (500 périodes par seconde) l'indécision 
est de l'ordre du millième de seconde. 

Le cliché 8 manifeste certaines particularilés 
curieuses. Nous retrouvons bien sur ce cliché la 
période de décharge du condensateur shunté qui 


prolonge le signal d'environ 0,015 seconde, mais 
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en outre, nous constatons avant cette période un 
autre retard à la cessation du signal du méme 
ordre de grandeur et dans laquelle les oscil- 
lations de fréquence musicale se manifestent 
encore. Nous altribuons cette persistance des 
oscillations de fréquence musicale à la présence 
de l'amplificateur M,. Comme nous l'avons dit, 
cet appareil renferme des circuits d'accord pour 
la fréquence musicale. Un amplificateur dans 
lequel les liaisons entre lampes sont assurées par 
circuit accordé, a toujours tendance à Гассго- 
chage, c'est-à-dire que les réactions de l'appareil 
tendent à annuler la résistance ohmique des cir- 
cuits oscillants. On comprend que dans un scm- 
blable circuit à résistance trés faible, les oscilla- 
tions une fois amorcées mettent un certain temps 
à s'arréter alors même que la cause qui leur а 
donné naissance est supprimée. Les radiotélé- 
graphistes traduisent ce fait en disant que les 
appareils à circuit svntonisés trop peu amortis, 
ont une tendance à faire coller les signaux. Nous 
voyons là encore une raison de plus pour ne pas 
prendre pour instan! du signal le milieu de l'en- 
registrement. 


Signauz faibles. — Toutes les expériences dont 
nous venons de parler ont été failes avec des 
intensilés de signaux de valeur moyenne. Le 
couplage entre l'émetteur auxiliaire et l'aérien 
de réception était réglé de façon que de l'avis 
des opérateurs ordinaires, l'écoute à la sortie de 
l'amplificateur haute fréquence parüt un peu 
moins intense que celle du poste de Bordeaux LY 
qui est enregistré journellement au B. I. H. 

D'autres expériences ont élé faites en dimi- 
nuant beaucoup le couplage de façon à avoir des 
signaux très faibles. L'enregistrement était fait 
en laissant les appareils amplificateurs dans је 
méme élat que pour l'enregistrement des si- 
gnaux forts. 

Ceci n'est pas du reste le cas de la pratique. 
L'amplificateur sélectif M, est un appareil anti- 
parasite qui joue d'autant mieux son rôle qu'on 
réduit davantage son amplification еп dimi- 
nuant le chauffage des lampes. 

Dans Ја pratique, lorsqu'il s'agit. de postes 
forts et rapprochés, l'amplificateur de lappa- 
reil M, est diminuée au maximun. Au contraire, 
lorsqu'il s'agit de postes éloignés (Annapolis, 


Saigon) on donne à l'appareil M, la plus grande 
amplification compatible avec son fonctionne- 
ment anti-parasite, de sorte qu'en réalité, les 
signaux, qu'ils proviennent de postes rapprochés 
ou éloignés, arrivent à peu prés avec la méme 
intensité à l'appareil. Les circonstances dans 
lesquelles nous nous placions étaient donc sus- 
ceptibles de mettre en évidence des retards qui 
n'interviendraient pas dans les conditions habi- 
tuclles d'emploi des appareils. 

Toutes les expériences du groupe 3 ont été 
refaites avec des signaux faibles. 

Nous donnons un cliché n° 4 (fig. 5 et 6) 
représentant: des expériences faites avec des 
signaux faibles. 

Ici les oscillations de fréquence musicale ne 
sont plus visibles, on ne peut que mesurer le 


FIG. 5. 


FIG. 6. 


tenips qui s'est écoulé entre la fermeture ди ma- 
nipulateur et le moment où le spot de l'oscillo- 
graphe commence à dévier, ce temps est de 
l'ordre de 0,006 et nous savons que le temps 
nécessaire pour que les oscillations atteignent la 
fréquence correspondant à l'onde de travail est 
de 0,005. Le retard n'a donc pas été augmenté 
par la faiblesse des signaux. 


Enregistrement sur papier enfumé. — Les 
retards que nous avons évalués jusqu'ici sont 
ceux inhérents au dispositif amplificateur. Mais 
il est légitime de se demander si les appareils 
enregistreurs généralement employés n'aménent 
pas des retards supplémentaires par suite de leur 
inertie. Pendant toutes les expériences dont nous 
venons de parler les enroulements des oscillo- 
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graphes ABRAHAM étaient en série avec l'équi- 
page correspondant de l'oscillographe BLONDEL 
et en méme temps que des relevés photogra- 
phiques étaient effectués avec ce dernier appa- 
reil, les enregistrements hatituels étoaient exé- 
cutés sur le papier recouvert de noir de fumée. 


La seule conclusion que l'on puisse tirer à pre- 
miére vue du dépouillement de ces enregistre- 
ments est la suivante : | 


« П n'existe aucune différence de retard entre 
l'enregistrement des signaux faibles et des si- 
gnaux forts. » 


Cette conclusion par elle-même est fort im- 
portante puisqu'elle répond pour les appareils 
utilisés au B. I. H. à la question posée par 
M. Lampert: Le retard dans l'enregistrement 
n'augmente-t-il pas quand le poste émetteur est 
plus éloigné du poste récepteur? 

L'évaluation du retard absolu était plus diffi- 
cile à faire sur les enregistrements. Le tracé du 
style sur le papier enfumé ne présente pas les 
particularités qui sur les clichés, nous ont per- 
mis de fixer le moment exact du début du 
signal. | 

Mais, grâce aux clichés photographiques, nous 
connaissions le temps écoulé entre la manœuvre 
devant déclancher le signal et le moment оп le 
poste émetteur oscillait avec la fréquence pour 
laquelle les appareils récepteurs étaient réglés. 

I] était donc permis d'apporter de ce chef une 
correction aux retards mesurés sur la bande de 
papier enfumé. On а ainsi constaté quc Ies oscil- 
lographes ABRAHAM généralement utilisés, ajou- 
taient un retard de 0,002 seconde, à celui pro- 
duit dans les appareils récepteurs. 


Conclusion. —. On peut donc dire que dans 
les appareils enregistreurs utilisés au B. I. H. 
pendant l'opération des longitudes, le retard 
entre l'arrivée du signal et son enregistrement 
était de 0,004 seconde, et qu'il était indépendant 
de l'intensité des signaux гесив. 

Toutefois nous croyons devoir ajouter quel- 
ques remarques. | 

Nos expériences ont nettement prouvé que les 
émetteurs n'obéissent pas immédiatement à la 
manœuvre destinée à provoquer l'émission du 
signal. 


Nous avons vu, par exemple, qu'en mettant 
en court-circuit une partie de l'inductance du 
circuit oscillant de l'émetteur, il faut un temps 
de l'ordre de 0,005 seconde avant que la fré- 
quence n'alteigne sa valeur normale. Pareille 
chose doit se produire dans la manipulation des 
postes à arc. Nous avons de fortes raisons de 
croire que des fails de même genre se produisent 
aussi dans la manipulation des alternateurs. 

П en résulte que si dans un dispositif récep- 
leur comme celui du B. LIT., muni de dispositifs 
sélectifs donnant une résonance très aiguë, le 
signal est enregistré seulement lorsque le signal 
émanant du poste émetteur se trouve exactement 
sur la longueur d'onde de travail, il peut arriver 
que, pour un autre dispositif de réception moins 
syntonisé, l'enregistrement du signal ait lieu un 
peu avant, surtout s’il s'agit d'un poste rappro- 
ché. Cette cause d'erreur n'est peut-étre pas trés 
grave pour une opération de délermination de 
longitude, mais il semble en résulter que des 
précautions spéciales devront être prises si, dans 
un travail de ce genre on avait pour but de dé- 
lerminer aussi exactement que possible la vitesse 
de propagation des ondes. 


Par Ы е Г 
Evaluations de l'heure d'un signal раг la mé- 
thode des coïncidences. 


Un certain nombre 
d'observatoires non munis de dispositifs enre- 
gistreurs ont utilisé pour évaluer l'heure des si- 
gnaux radiotélégraphiques, la méthode des coin- 
cidences en écoutant simultanément les signaux 
el les battements de Ја pendule. IL importe de 
remarquer que dans ce cas le retard provenant 
de la détection de la fréquence musicale et de 
l'inertie des appareils enregistreurs ue se pro- 
duit plus. 

Mais, d'autre part, il ne faut pas oublier que 
la méthode des coïncidences ne comporte pas 
la méme précision que l'enregistrement des si- 
gnaux. En particulier les irrégularités de la 
durée des secondes, irrégularités provoquées par 
les rouages des pendules et qui peuvent atteindre 
plusieurs millièmes de seconde rendent souvent 
difficile l'appréciation exacte de la coincidence. 

Celle apprécialion est du reste de l'avis des 
expérimentateurs beaucoup moins facile avec les 
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ondes entretenues recues par la méthode des bat- 
tements, qu'avec les ondes amorties employées 
jadis. 

Nous estimons donc que la méthode des coin- 
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cidences ne doit étre considérée que comme un 
pis aller et doit étre partout оп ce sera possible, 
remplacée par la méthode d'enregistrement. 

Juin 1928. 


TRANSMISSION AND RECEPTION 


(With Particular Reference to its Application to Marine Navigation) 


by R. L. SMITH-ROSE. 


(The National Physical Laboratory, Teddington, England.) 


SUMMARY. — This paper presents а crilical résumé 
of the performance of apparatus employed for radio 
direction determinalion either by transmission or by 
reception. After an historical summary of results 
obtained in various parts of the world, a brief des- 
criplion is given of the fundamental principles under- 
lying radio direction-finding. In this section attention 
is drawn to the application of the principle of rever- 
sibility to this art, by the aid of which the behaviour 
of directive radio transmitters can be largely predic- 
ted from the more numerous resulls and greater 
experience already obtained with directional recei- 
vers. 

T he next two sections of the paper give a review of 
the results obtained in Great Britain during the 
course of extensive investigations into this subject 
during the past seven years. Observations obtained 
from thirteen  direction-finding receiving stations, 
specially erected for the purpose, have been carefully 
analysed and the performance of the apparatus stu- 
died under a variety of conditions, including opera- 
lion in daylight and darkness, and both oversea and 
overland. In addition, some two years have been 
spent in studying the performance of a rotating-loop 
beacon transmitter, by means of which accurate radio 
bearing can be obtained with any type of receiving 
apparatus, 

The later portions of the paper deal with the appli- 
cations of direction-finding to marine navigation, 
and of the possible effect of coastal and night errors 
in connection therewith. The production of night 
errors on closed loop receivers by the horizontal com- 
ponent of the electric force in downcoming waves is 
explained, and a demonstration is given of the man- 
ner in which the Adcock aerial system gives freedom 
from such errors. The paper concludes with a dis- 
cussion of the relative advantages of direction-finding 
by transmission and receplion for navigation purpo- 
ses. A bibliography of the subject is appended. 


1. Historical. 


The application of the radio direction-finder 


hoth as a navigational instrument and as a use- 


ful scientific tool in the study of the propagation 
of electromagnetic waves has been developing 
rapidly during the past few years. As a result, 
a number of text-books expressly devoted to the 
subject of directional wireless have appeared, 
and the reader must be referred to these (1) (*) 
ond other published works for an account of the 
fundamental principles of the art of direction- 
finding and its historical development. The 
object of this paper is to present a critical 
résumé of the results of investigations been 
carried out over a period of several years into 
the performance of direction-finding systems, 
and the historical background provided in this 
section will be confined to this aspect of the 
subject. 


A) The Direction-Find!ng Receiver. — The 
modern radio direction-finder undoubtedly owes 
ils success very largely to the introduction of 
valve amplifiers, enabling а moderately large 
receplion range to be obtained, and its practical 
development therefore dates from about 1915. 
Previous to this, such systems of direction-fin- 
ding as were in existence were confined to short- 
distance working and the comparatively crude 
instruments then in use made accurate syste- 
matic observations difficult to obtain. As early 
as 1908, however, Pickard (2) observed that lar- 


(7) See bibliography, p. 82. 
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ge errors might be obtained in the reading of 
coil direction-finders due to buildings, trees, 
and other obstacles in the neighborhood. In the 
diagrammatic representation of his results, the 
errors are shown, to be approaching 90 deg. It 
was found also by Fessenden (3) in (ће years 
1901-07, that errors in apparent direction of as 
mnch as 20 deg. to 45 deg. might be obtained 
in the indication of thesc instruments when re- 
ceiving over a range of 100 miles. These errors 
were altributed to a refraction effect resulting 
from the difference in conductivity of land and 
sea-water, or even to a varying local conducti- 
vilv of the ground and of vegetation. In ma- 
king continuous observations day and night for 
a week, Fessenden was apparently the first to 
observe that the errors were greatest during the 
night, a fact which he attributed to a refraction 


effect of large clouds of ionized air in the path : 


of the waves. 

A method of obtaining an absolute zero of 
sjgnal-strength on a small frame-coil direction- 
finder was described by A. H. Taylor (4), in 
which the « antenna effect » of the coil is com- 
pensated for by a small e. m. f. from an auxil- 
Пагу frame at right angles to the first. Using 
this system at Washington, it was found that 
while readings taken in the daytime were fairly 
accurate those taken near sunset and at night 
were very erratic. While it appeared that the 
variations observed on continuous waves of 
wavelength 13,600 meters were greater than on 
shorter waves, they were quite serious on 
damped waves of 1,500 meters wavelength. 
These variable results were briefly ascribed to 
reflection and refraction effects occuring during 
the propagation of the electromagnetic waves 
over the earth's surface. | 

The liability of the metalwork of a ship to 
produce a quadrantal error in the readings of a 
direction-finder mounted thereon was mentio- 
ned by Blondel (5) in 1919, while the correspon- 
ding effects on an aeroplane were later described 
by Robinson (6). The complete theory of the 
effect of the metal hull of a ship on a direction- 
finder was first given by Mesny (7) in 1920. 
Calculations from this theory, confirmed by ex- 
perimental results, showed that the quadrantal 
error oblained may be as great ах 12 deg. This 


error was shown to be independent of wave- 
length and to decrease with the height of the 
frame coil above the deck. Attention was also 
drawn in the above paper to the approximately 
analogous case of a direction-finder erected upon 
а hill or an island, and the resulting quadrantal 
error which тау be obtained in such a case is 
illustrated by a curve having a maximum value 
of 15 deg. 

The phenomenon of the refraction of electro- 
magnetic waves in passing over a surface of sud- 
denly changing conductivity was discussed by 
T. L. Eckersley (8) in 1920. Experimental ob- 
servations made in Cyprus and Egypt on wave- 
lengths between 800 and 1,100 meters showed 
that wireless waves in crossing a coastal boun- 
dary between sea and land might suffer a devia- 
tion of as much as 4 deg. This deviation falls 
to zero for normal incidence of the waves on the 
coast line, and it was also shown to be negligi- 
ble for wavelengths exceeding 2,000 meters. Іл 
Ihe paper there is quoted an interesting case of 
à bad day minimum being produced bv the re- 
ception of two waves from a transmitter, the 
two waves arriving bv different paths and with 
a phase difference which resulted in a rotating 
field. 

Somewhat similar refraction effects on wire- 
less waves passing from dry to wet ground and 
across a river were mentioned by Kiebitz (9) in 
connection with experiments on a directional 
transmitter. The deviations of the waves 
amounted 1o 8 deg. or 9 deg. for a wavelength 
of 550 meters. 

Some results showing the errors to which a 
radio direction-finder may be subject due to 
local conditions were given by Hollingworth and 
Hoyle (10). Masses of metalwork, tuned cir- 
cuits, and overhead wires were found to produce 
a appreciable errors in the readings. 

In a most valuable paper published in 1920. 
hound (11) gave an account, chiefly from his 
personal experience, of the development and 
application of the direction-finder during the 
war. The manner in which the instrument 
was perfected as a useful tool for both military 
ond naval purposes was described together with 
the various tvpes of errors encountered, both bv 
day and by night. Reference was made to the 
work of Adcock, Eckersley, and Wright in con- 
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nection with these errors, and a brief indication 
was given of the means by which they might be 
climinated for practical direction-finding pur- 
poses. 

À large amount of experimental work on the 
intensity and directional properties of the elec- 
tro-magnetic field radiated from an acroplane 
transmitter was described by Baldus, Buchwald, 
and Hase in 1920, (12) while a mathematical 
treatment of this case was given by Burstyn. (13) 
The errors in the apparent bearings of an aero- 
plane at a ground direction-finding station were 
discussed in detail in their relation to the plane 
of polarization of the emitted waves. The ex- 
periments of Ва из and Buchwald, in particu- 
lar, showed that a closed-coil direction-finder 
on the ground could give errors of as much as 
60 deg. in the bearings of aircraft. This fact is 
interesting in connection with the patent filed 
by Adcock (14) in 1919, in which was described 
a means of eliminating the error of observation 
of the orientation of aeroplanes. 

some further observations on the variable 
night errors were published in 1920 by Kinsley 
and Soby (15). Variations in the apparent bea- 
rings ranging up to 50 deg. were recorded on 
wavelengths between 960 and 17,300 meters, 
and for ranges of transmission from 40 up to 
7,500 miles 

Towards the end of 1920, the Department of 
Scientific and Industrial Research in England, 
acting on the advice of its Radio Research Board, 
began the erection of a number of directional 
radio receiving sets in various parts of the Bri- 
lish Isles, attached either to Universities or to 
Government experimental establishments. The 
object of these installations was to make regular 
observations of the apparent radio bearings of 
various transmitting stations in order to obtain 
data on the nature, insgnitude, and other cha- 
racteristics of the variations of bearings which 
The ge- 
neral organization and conduet of this investiga- 


were previously known to take place. 


lion was carried out by the author from The Na- 


tional Physical Laboratory, Teddington, as 
headquarters. Up to the time of the termina- 
tion of the general investigation in September, 
1926, about a quarter of a million observations 
bad been accepted for correlation, these obser- 


valions covering the range of wavelengths of 


~ 


200 to 20,000 meters. A detailed record of the 
work, with discussion of the conclusions drawn 
ilierefrom, has formed the subject of а number 
of official reports published by H. M. Stationery 
Office, England (16). In addition to these pu- 
blications, descriplions of various investigations 
subsidiary to the main linc of research have 
been published elsewhere. For example, in or- 
der to obtain accurate bearings in continuous 
wave working it was found necessary to prevent 
any mutual induction between the local oscilla- 
lor and the receiving frames of a Robinson di- 
reclion-finder by suitably screening the local 
oscillator. (17) Such screened oscillators have 
now bcen in use for several vears in connection 
vith various direction-finding work, and nowa- 
days Феу find considerable application in radio 
measurements work. 

These experiments were later extended to that 
of screening assemblies of amplifving and recei- 
ving apparatus to prevent the undesired direct 
induction of signals. Data were obtained by 
Barfield (18) for the screening of a complete 
hut containing the receiving apparatus as, for 
example, in the Bellini-Fosi direction-finding 
system. In the course of the same investigation 
Barficld demonstrated the properties of open 
wire screens, and these were later applied to the 
reduction of the error known as « antenna- 
effect » in radio direction-finding. 

Various experiments were carried out in the 
early stages of the main investigation to ascer- 
lsin the effect of local conditions such as metal- 
work, overhead. wires, trees, etc., on the rea- 
dings of direction-finders. 49, 20). These. ex- 
periments showed that some quite large errors, 
ranging up to 22 deg., can be produced by the 
proximity of such obstacles and emphasize the 
iniporlance of exercising care in selecting а sui- 
lable site for a direction-finding installation. 
The difficulty in finding any approach to an 
ideal site was illustrated by the results obtained 
from the stations selected. In very few cases 
мах the error due fo local conditions less than 
It is fortunate, however, that such a 
ls pe of error remains constant in value for any 
particular direction, so that it can be treated as 
of the nature of a permanent deviation, which 
can be ascertained: periodically from а calibra- 
In the case of the Aberdeen 


2 des, 


tion of the station. 
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station, the cause of permanent errors ranging 
up to 15 deg. was traced to a long iron plate 
beneath the ground and supporting a sewer 
duct, over which the direction-finding installa- 
lion was inadvertently erected. (20) 

During the course of the main investigation 
cach of the three practical types of direction- 
finder, known as the Bellini-Tosi, Robinson, and 
single-coil systems, respectively, has been used 
in some portion of the investigation : and it was 
naturally desirable to verify whether compara- 
ble results could be obtained with any of these 
systems. A simple consideration of the theory 
shows that there is no essential difference in the 
basic principle of any of the systems, for in each 
case the reading of the direction is made as the 
result of some portion of the apparatus rotating 
minimum, or in the ideal case, zero e. m. f. 
induced about a vertical axis being set in the 
position in which there is a minimum, or in the 
ideal case, zero e. m. f. induced by the incoming 
waves. This theory was discussed in a previous 
publication (21) which also contained a descrip- 
tion of the results of experiments showing that 
each system was equally subject to variable 
night errors. 


b) The Direction-Finding Transmitter. — As 
an alternative to the use of a special radio recei- 
ving instrument for the determination of bea- 
rings the directional property can be transferred 
to the transmitting station, so that its direction 
can be determined at a distant receiving station 
by the aid of some characteristic of the emitted 
radiation. 

Both of the types of directional transmitting 
systems which arc in usc today may be said to 
date from the time of Hertz, since in his experi- 
mental rescarches Hertz used reflectors to con- 
centrale the radiation from a straight rod aerial 
and also loops whose transmission or reception 
properties depend upon the orientation of the 
loop. ОГ recent years the properties of reflec- 
ling systems used in conjunction with linear 
aerials have been studied by Marconi (22), Fran- 
klin (28), and others (24), and with the applica- 
tion of the beam system to long distance com- 
inunication considerable development has been 
taking place in many countries. The beam sys- 
lem has also been adapled as a rotating beacon 


‘of transmission. 


transmitter (25), but practical limitations neces- 
sitate its operation on the very low wavelengths 
of 6 to 10 meters. Experimental beacons of this 
(уре habe veen installed at. Inchkeith (22, 23) 
and South Foreland (25), but it is believed that 
its use among ships has not been very wides- 
pread. 

The predecessor of the closed loop antenna, 
whether for reception or transmission, is to be 
found in either the inverted L aerial or in a pair 
of spaced vertical aerials. The former has deve- 
loped into the Beverage aerial which is now used 
as one method of oblaining directional selecti- 
Уну at the receiving end. A system of inverted 
l. aerials giving directional transmission has 
heen experimented with by Scheller, Buch- 
wald (26), and Кењиг (27). For navigation 
purposes it is also probable that the Telefunken 
compass (23) arrangement falls under this hea- 
ding. This systern made use of a series of direc- 
tional aerials radiating from a central mast, 
these aerials being excited in turn by a rotary 
switch operating at а speed of one revolution per 
minute. A non-directional aerial was also pro- 
vided for the purpose of transmitting a timing 
signal applicable to the directive system. Ву 
noling the interval between this time signal and 
the reception of the signal from the directional 
system, the bearing of the transmitter could be 
estimated from a distant receiver. 

The combination of the pair of spaced aerials 
developed first into the Bellini-Tosi system of 
direction-finding and later into the rotating fra- 
me coil. The transmitting equivalent of the 
bellini-Tosi. direction-finder is to be found in 
the Radiophare, several of which were in ope- 
ration on the French coast prior to 1914. In 
the same manner the single-frame coil can be 
adapted to transmission since its polar radiation 
characteristic is the well-known figurc-of-eight 
diagram, and thus the intensity of the radiation 
varies according to a cosine law with the angle 
between the plane of the loop and the direction 
One of the great advantages 
of a loop transmitter is that it can ре operated 
on the wavelengths usually einployed. in ship 
and aircraft. wireless communication. Various 
methods of applying the rotating loop transmit- 
ler for navigalion purposes were described by 


Erskine-Murray and Robinson in 1922 (29), whi- 
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le more recently Gill and Hecht (30) have re- 
counted tbe developinent of the rotating beacon 
by the British Air Ministry and supplied some 
typical results obtained in the application of 
this system to the navigation of aircraft. 


The use of two directional transmitting aerials 
sending complementary Morse signals (such as 
A and N) upon the same wavelength for the pur- 
pose of providing an equi-siwnal zone along a 
fixed course appears to have originated with 
Scheller in Germany, and to have been investi- 
gated by Buchwald (26) and Kiebitz (27) in 1920. 
With the substitution of closed loops for the 
open inverted L acrials previously employed, 
Engel and Dunmore (31) published in 1924 an 
. account of experiments designed to illustrate 
the utility of this system for the navigation of 
both ships and aircraft. This method is not 
strictly one of direction-findiny since the obser- 
ver or navigator is not generally able to deter- 
mine his bearings or position by this means, 
but only to locate himself along a fixed course 
ач given by the beacon transmitter. For this 
reason the system is more directly applicable to 
the navigation of aircraft flving along fixed rou- 
les than to the navigation ships; and it is from 
this point of view that considerable develop- 
ment of the method has recently been carried 
out in the United States of America. This work 
has been described by Dellinger and Pratt (32), 
who have applied a modified form of the radio- 
goniomceter to enable the course or cqui-signal 
zone given by the transmitter to be oriented in 
any required direction. The limitation of range 
of the svstem for accurate direction indications 
is illustrated by the results of some experiments 
reported by Pratt (33), in a separate paper. In 
common with all closed loop transmitters and 
receivers for direct'on-finding this system be- 
comes liable to serious errors а! ranges excee- 
ding about 100 miles, even when the receiver is 
some 2,000 feet above the ground. 


For further detailed information on the appli- 
calion of radio communication to aircraft navi- 
galion, the reader may be referred to the Biblio- 
graphy recently published by Jolliffe and Zan- 


donini (84). 


ciples underlying this instrument. 


2. Brief Description of Methods 
of Direction Determination 
by Radio Transmission or Reception. 


A) The Radio Direction-Finder. — The radio 
direction-finder is now well known as an instru- 
ment which can be used to determine the direc- 
tion of arrival of wireless waves, and it will suf- 
fice to give the briefest outline here of the prin- 
The several 
commercial types of direction-finder now in use 
employ the same fundamental principle of the 
reception of vertically polarized (*) wireless wa- 
ves by a frame coil. In figure 1 (a), for exam- 


E 


(а) 


(4) 


FIG. 1. 


ple, let C represent a plane vertical loop rotating 
about а vertical axis in the field of an arriving 
wave whose component electric and magnetic 
forces are as shown. From the plan view in 
figure 1 (b) it is evident that the e. m. f induced 
in the loop by the arriving waves will be propor- 
tional to the cosine of the angle а between the 
direction of the magnetic field and the axis of 
the coil. The accuracy with which any definite 
position of the coil may be located depends upon 


the rate of change of e.m.f. with orientation, 
i. e., the accuracy is proportional to sin а. Thus 
the determination of the direction of arrival of 
the waves is most accurate when the signal 


(* Tne term « vertically polarized » is used here to indi- 
cate that the electric force of the wave lies in the vertical 
plane of propagation of the wave, 
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e. m. f. induced by the waves is zero. This point 
is also illustrated bv figure 2, which shows the 
theoretical polar reception diagram for a rota- 
ting loop. The strength of the signal e. m. f. 
induced in the loop by a wave arriving from 
any direction is proportional to the intercept of 
the vector OA made by the « figure of-eight ». 

The most important feature which requires 
attention in the design of a practical direction- 
finder is the avoidance of spurious e. m. f's intro- 
duced into the system from one or both of the 
phenomena commonly known as « antenna- 
effect » and « direct pick-up. » The term « ап- 
tenna-effect » is applied to the property posses- 
sed by a frame coil receiver of acting as an un- 


tuned vertical aerial as well as a coil for recep- 


lion purposes. Ава result of this, the receiving 
system may have induced in it an е. m. f. whose 
phase and magnitude are independent of the 
orientation of the ccil. The signal heard in the 
telephones will be the sum of that produced by 
(ће rotating coil as such and that due to the 
equivalent aerial effect of the whole receiver. 
As the coil is rotated it is found that the signal 
zeros become blurred into broad minima only, 
and moreover, they may be displaced from their 
correct positions. The existence of this antenna 
effect in the system therefore makes the obser- 
ved directions incorrect, and also makes the de- 
termination of these directions more difficult. 

somewhat similar results may be produced by 
tlie second of the two causes mentioned above, 
viz. « direct pick-up. » This last term implies 
that portions of the receiving system, such as 
the tuning circuits and the amplifier, are having 
е. т. Ѓ'ѕ induced in them directly by the inco- 
ming waves. These e.m.f's will obviously be 
independant of the orientation of the main re- 
ceiving frame, and they will be effective in ad- 
ding to or subtracting from the signal strength 
finally heard in the telephones. It must be 
appreciated that while these stray e. m. 75 may 
be small compared with the main e. m. f. picked 
up by the rotating frame-coil ‘in its maximum 
position, they become of very great importance 
when the coil is turned into its minimum 
position. 

The methods adopted for overcoming the cf- 
fects of these spurious e. m. fs are based on the 


use of somewhat elaborate screening arrange- 
ments, with or without the addition of a com- 
pensating condenser (ог the antenna effect. 
The application of these methods to the practical 
arrangement of single-coil direction-finders has 
been described bv Kolster (35), Dunmore (36), 
Long (1g), Mesny (f) and the author (37); and 
the reader must be referred to these descriptions 
for further details of such apparatus. 

With the object of enabling the incoming si- 
gnal to be clearly audible throughout the whole 
process of taking a bearing, a crossed-coil arran- 
gement was described Robinson (38) in 1920. 
This system was, at one term, particularly fa- 
vored for use of aircraft, but with some modi- 


A 


RECEIVING 
LOOP. 


FIG. 2. 


fications described by Bainbridge-Bell (39), it 
now finds widespread application to marine 
navigation. 

Before the deVelopment of valve amplifiers 
made possible the use of rotatable multi-turn 
loops, Artom in 1908 and Bellini and Tosi in 
1907 suggested and used large frames of a trian- 
gular shape, with the ends open at the top apex, 
for directional wireless communication. The 
arrangement developed from this and now gene- 
rally known as the Bellini-Tosi system was fully 
described in 1908 (40). The large, fixed closed 
loops emploved in this system are connected to a 
radiogoniometer, an instrument which reprodu- 
ces in miniature the directive properties of the 
external field of the waves 
ments of this svstem for use in ships have resul- 
ted in the employment of smaller multi-turn 
loops, which are more conveniently fixed on 
board. The development and use of the Bellini- 
Tost system during the war was described by 


vecent develop- 
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Round (11) in 1920, while Horton (41), Slee (49), 
and Mesny (43) have dealt with some more re- 
cent developments. | 


В) The Rotating Loop Transmitter. — As ап 
alternative to the direction-finding schemes out- 
lined above, the directional part of the wireless 
system may be transferred from the receiving to 
the transmitting end. Thus is effected in the 
rotating loop beacon system, which has been 
developed to a high degrce in Great Britain by 
the Royal Air Force, and which employs a verti- 
cal closed loop transmitter arranged to rotate 
about a vertical axis at a uniform speed of one 
revolution per minute. The polar radiation dia- 
gram of such a loop will ће of the same figure- 
of-eight form as that shown in figure 2 for a 
loop receiver. Thus as the loop rotates the 
field radiated in any given direction will vary 
according to a cosine law, passing through suc- 
cessive maximum and minimum values at inter- 
vals of fifteen seconds. When the plane of the 
coil is perpendicular to the geographical meri- 
dian a characteristic signal is emitted by the 
beacon which may ђе termed the N point. Ап 
Observer at a distant receiving station upon hea- 
ring this signal starts a chronograph. As the 
beacon rotates the intensity of the received si- 
gnal varies and will ultimately pass through 
a minimum or zero value, at which instant 
it is known that the plane of the transmitting 
loop is at right angles to the great circle 
joining ransmitter and receiver. If the rea- 
ding of the chronograph is observed at this 
instant of minimum signal intensity it is evi- 
dent that the bearing of the transmitter from 
the recciver can be obtained by a simple cal- 
culation. To provide for the case in which 
the observer is due north or south of the 
|еасоп, when Ше N signal would probably be 
inaudible, another characteristic signal is emit- 
ted after а 90 deg. rotation to the corresponding 
E point. Bearings observed from this signal as 
а starting point are evidently subject to a correc- 
tion of 90 deg. It is to be noted that since the 
radiation from the coil is symmetrical about ifs 
plane, a second minimuin will be obtained after 
a rotation of 180 deg. from the first. With the 
beacon making one revolution per minute, the- 
refore, а line bearing is obtainable in the above 


manner every half-minute. To fix the position 
cf a receiving station it is necessary to obtain 
line bearings in this manner from two or more 
l:eacons. | 

Since the timing process mentioned above is 
but an intermediate step in taking a bearing, it 
is convenient to provide a stop-watch or chrono- 
graph used for the purpose, with a dial specially 
engraved in degrees and points of the compass 
as illustrated in figure 8. If the center second- 
hand of such a watch is started on the N signal 
from the beacon, the indication of the hand at 
ће oceurrence of the signal minimum will give 
the true bearing of the observer. Examples of 
other dials suitable for working from the E 
point, and on beacons with different times of 
rotation, have been described elsewhere (44a). 

The development and initial testing of this 
rotating beacon system by the Royal Air Force 
have naturally been confined to a study of its 
advantages over the direction-finding receiver 
for the navigation of aircraft (30). During the 


past few years, however, the author has been 


privileged to investigate the performance of a 
rotating beacon station, especially set up for the 
purpose in England, and particularly to ascer- 
tain its advantages and reliability as an aid to 
marine navigation (44). А sketch photograph 
Cf this beacon is shown in figure 4. 


©) The Reversibility of Pirection-Finding. — 
Krom the brief description of fundamental prin- 
ciples given in the two previous sections it will 
be gathered that. wireless direction-finding can 
be carried out by rotating a closed loop at either 
ine transnutting or receiving end of а communi- 
cation link. The directional property is given 
by the rotating closed loop and the other station 
can employ any type of wireless transmitter or 
receiver connected to any type of aerial system. 
lt will probably aid the reader in understanding 
the performance of each system and their rela- 
tive merits for anv given purpose, if attention 
is drawn here to the reversibility of the commu- 
nication system between an open aerial and a 
closed loop. 

The reference of the reciprocal theorem to 
radio communication has been enunciated by 
Lorents, Pfrang, and Sommerfeld (45), who dis- 
cussed ils application lo transmission between 
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Fic. 3. FIG. 18. 
Stop Watch Fitted with Special « Compass-Card » Dial for View of Hut Suspended at the Center of an Adcock Aerial 
Use in Taking Bearings from a Rotating Beacon. System. The hut contains the radiogoniometer and re- 


ceiver used in taking bearings free from night errors. 


FIG. 4. 


View of Rotating Beacon inside Hut at Fort Monckton, 
Gosport. 
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open aerials, closed loops, or a combination of 
these. The theorem may be briefly stated ‘in 
the following terms : if an antenna A, transmits 
lo another antenna А,, the signal intensity in 
A, 1s the same as that which would be received 
in A, if A, transmitted with the same power and 
at the same frequency as was previously used by 
A,. This equality of signal intensity in the two 
cases is independent of the electromagnetic pro- 
perties of the medium and of the shapes of the 
antennas. This means that transmissions from 
a rotating loop beacon being received on an 
open antenna should produce errors of the same 
lype as those experienced when the antenna is 
employed for transmitting to a loop direction- 
finder. The utility of this theorem in studying 
the performance of the two systems will become 
evident in succeeding sections of the paper, and 
the author has referred elsewhere to the possibi- 
lities of investigating local errors in this man- 
ner (46). On theoretical grounds, the reversi- 
bility of the Adcock direction-finding system as 
a means of avoiding night errors has also been 
established by the present author (72). In the 
above cases a reservation must be made as to 
any irreversible effects which may be produced 
by the influence of the earth's magnetic field 
upon wireless waves travelling through ionized 
regions of the earth's atmosphere. The possi- 
bility of such a departure form the recipro- 
city relation was pointed out by Appleton in 


1925 (47). 


3. Analysis of the Performance of Wireless 
Direction-Finders. 


Attention has already been drawn in Section 1 
to the carrying out of a large investigation in 
wireless direction-finding by the Radio Research 
Board in the British Isles during the years 1920- 
1926. In the course of this investigation, thir- 
leen direction- finding stations were used in va- 
rious parts of the work, which covered a range 
of wavelengths of from 300 to 20,000 meters. 
The precise distribution of these stations and the 
detailed results of the whole investigation will 
be found in a series of official reports to which 
reference has already been made (16). It is con- 
sidered to be useful here, however, to give a 
very brief résumé of these results with the con- 
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FIG. 5. 
Graphs Showing the Daily Observations of Bearings Taken at Slough on the U. R. S. 1. Transmissions from Leafield and Nantes. October, 1924 to December, 1925. 
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clusions drawn therefrom. Apart from the er- 
rors due to local conditions at cach direction-fin- 
ding station, which were studied separately and 
which could be corrected for when necessary, it 
was found that the apparent bearings of the va- 
rious transmitting stations observed varied in a 
very erralic manner under certain conditions. 
In the work of tabulating and correlating the 
results it was found convenient to adopt an arbi- 
trary division of the times of observation into 
day and night periods. — The border lines be- 
tween these periods were taken at one hour after 
sunrise at the westerly end of the-path of trans- 
mission and one hour before sunset at the eas- 
terly end. 


A) General Nature of Varialions in Observed 
Bearings. —- As illustrating the results generally 
obtained, a summary of the observations recor- 
ded at Newcastle on wavelengths between 2,500 
and 6,000 meters during the years 1921-23 is 
reproduced in Tables I and II, while in Table III 
is reproduced a summary of the results obtained 
at Orford from 1922 to 1924 on wavelengths of 
450 апа 690 meters. With the mode of separa- 
tion into day and night periods thus adopted it 
was found that the extreme error experienced in 
the day periods was usually about 4 deg. for any 
wavelength and distance of transmission, but 
during the winter months this limit was consi- 
derably exceeded on the higher wavelengths, 
apparently because of an extension of the night 
conditions until three or four hours after sunrise. 
As an example of this phenomenon figure 5 
shows graphs of the daily bearings observed at 
Slough on the transmissions from the two sta- 
lions at Leafield and Nantes. The observations 
were made on the О.К.5.Е. signals sent by these 
stations at 1400 and 1415 G.M.T., respectively, 
and thus always took place in daylight. The 
results are plotted as the weekly extreme bea- 
rings over a period of fifteen months from Octo- 
ber, 1924 to December, 1925. It is evident from 
this diagram that during the summer months 
the observed bearings are steady and fairly accu- 
rate, while during the winter months the daily 
errors assume appreciable proportions. particu- 
larly in the case of Leafield. | 

The general nature of the variations can be 
understood from the graphs given in figures 6 


and 7, which show the apparent bearings of 
some fixed transmitting stations as observed 
every few minutes over periods of 24 hours at 
one observing station. It is to be noticed that 
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FIG. 6. 


Graphs of Observed Bearings of Ongar (undamped waves, 
А = 29 and 44 km) and Nauen (undamped waves, 
À == 4.7 km) taken at Bristol over a 24-hour period. 


the day bearings are much steadier in the sum- 
mer than in the winter months, but that in 
cither case the approach of sunset is accompanied 
by an increase in the magnitude and frequency 
of the variable errors which continues through- 
out the night until sunrise. During the bulk 
of the investigations carried out on wavelengths 
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between 450 and 12,000 meters these variable 
errors in bearing ranged up to, but very rarely 
exceeded, 90 deg. as illustrated in the above 
lables, 

In some of the later work the observations 
have been extended into the broadcasting band 
of wavelengths. A summary of the results ob- 
tained is given in Table IV, and this shows that 
in the case of the observations at Slough taken 
on the transmissions from Bournemouth, the 
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maximum error is given as = 180 deg. This 
indicates that a single minimum has been follo- 
wed round the direction-finder scale through 
this angle and indeed on several occasions a rota- 
tion of the apparent bearing through more than 
300 deg. has been observed. Instances of this 
effect are illustrated in figure 8. А somewhat 
similar phenomenon has been previously recor- 


SUNSET 1700 GMT. 


FIG. 8. 
Graphs of Observed Bearings of Bournemouth (undamped 


waves, А == 386 m) taken at Ditton Park, Slough. Octo- 


ber 20, 1926. 


ded by Wright and Smith (48), but on the much 
longer wavelength of 6,000 meters. 

Another mode of illustrating the variable er- 
rors due to night conditions is that adopted in 
figure 9. This diagram refers to records by 
several observers of the apparent bearings of 
Karlsborg during its daily transmissions from 


2000 to 2030 on a wavelength of 2,500 meters. 
The observations were summarized in weekly 
batches and the graphs show the extremes of 
(ће bearings for individual weeks over a period 
of two years. It is very noticeable that the bea- 
rings show little variation so long as they are 
laken before sunset at the receivers, even though 
darkness has prevailed over a portion of the páth 
of transmission for some time. 

In spite of the large variations in apparent 
bearings described and illustrated above, it is 
noteworthy that during the night periods the 
Observed bearings show no signs of a definite 
svstematic error, and so the variations are on 
ihe whole equally distributed about the mean 
value. Another feature to be observed in con- 
nection with the magnitude of the night varia- 
lions is the comparative rarity of the larger 
errors. А summary of the results obtained at 
Newcastle during the last year of operation is 
given in Table V, arranged in such a manner as 
to show the proportion of the observed bearings 
which differ by various fixed amounts from the 
mean day bearing. From this mode of expres- 
sing the results it will be seen that it is not often 
that more than 10 per cent of the night results 
give an error exceeding 10 deg. This fact, com- 
bined with the absence of a systematic error at 
night, is of great importance in the practical 
application of wireless direction-finding. 

It thus appears that the chief effects to be ob- 


TABLE IV. 
Summary of Observations Taken at Slough from May 28 to December 17, 1925. 


(4) (2) (3) (4) 


(5) (6) 


TRANSMITTING True 
Wavelength.| Distance. | 
STATION. bearing. No. 
(meters.) (miles.) (degs.) 
Birmingham . . 419 88 319.1 201 
Bournemouth . . 386 77 997.6 16 
London. . . . 365 18 83.5 == 
Newcastle . . . 404 945 350.9 — 


Day Observations. 


Night Observations. 


Extent | Error |Maximum Extent | Error |Maximum 
variation variation 
of of frám No. of of from 
variation.| mean. mean. variation.| mean. | mean. 
(degs.) (degs.) (degs.) (degs.) (degs.) (degs.) 
3.0 + 9.0 | +19 | 1378 405.0 | + 3.4 | — 67.5 
6.9 + 0.4 | + 4.2 | 1346 | 5360.0 | + 5.3 +180.0 
— — — 803 1.5 | +1.3 | — 4.8 
— — — 537 15.0 | — 1.4 | + 51.4 


(The transmissions were all on telephony on which the carrier wave was treated as C. М. for reception purposes.) 


TABLE V. 


Showing Percentage Variations of Bearings from the Annual Mean at Newcastle, 1922-23. 


(5) 


(4) 


(3) 


(2) 


(1) 


Percentage Variations from Annual Mean 
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served in radio direction-finding are generally 
as follows. In the summer time in those lati- 
iudes in which the United Kingdoin is situated 
the observed bearings in daylight are fairly 
constant and, with the exception of the perma- 
nent errors already mentioned, they approxi- 
mate quite accurately to the true geographical 
bearing of the transmitting station. Under cer- 
lain conditions of transmission to be referred to 
below this accuracy is maintained at all times 
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IG. 9. 
Graphs of Weekly Extreme Bearings of Karlsborg (damped 
waves, À — 2.5 km) observed on the transmissions at 


2000 G. M. T. 
March, 1923. 


during the two years, March, 1921 to 


and seasons. When these conditions do not 
prevail, however, the observed bearings show 
-igns of variable errors as the setting of the sun 
approaches the path of transmission. ‘These va- 
riations then prevail’ throughout the night, but 
decrease to a negligible extent soon after sunrise. 
As the seasonal conditions are changed gradually 
from summer to winter the variations in the day- 
time increase somewhat; and the night condi- 
tions begin an appreciable time before sunset 
and continue until some time after sunrise. In 
the midwinter conditions represented by Janua- 
ry, the change from day to night effects is very 
much more gradual and the difference is only 


distinguishable by the difference in magnitudes 
of the variations. At this time of year it ap- 
pears that on the longer wavelengths the varia- 
tions may have an amplitude of the order of 
10 deg. or more during the daylight hours, and 
this increases rapidly at about one hour before 
sunset to the night value of 50 deg. or 70 deg., 
and so continuing in the most erratic manner 
until one hour or so after sunrise. 

It has now been satisfactorily established that 
these variations in apparent bearing are due to 
the arrival at the receiver of waves from the 
upper atmosphere polárized with their electric 
force in a horizontal plane. This explanation 
was first put forward by T. L. Eckersley (49) in 
1921 and supported by experimental results. Of 
recent years considerable direct confirmation of 
the theory has been provided (50, 51, 52), and 
the study of the propagation of electromagnetic 
waves through the ionized regions of the atmos- 
phere now forms the subject of large numbers 
of papers published in all parts of the world. 


B) Effect of Various Factors upon Variations 
in Bearings. — From time to time throughout 
the investigation the results have been carefully 
considered of ascertain if there is any definite 
relation between the wavelength of transmission 
and the nature, frequency, and magnitude of the 
variations in apparent bearings experienced. 
Over the band of wavelengths from 300 to 20,000 
meters no marked difference has been observed 
in the extreme variations recorded, after due 
allowance has been made for the distance and 
the geographical conditions over the path of 
transmission. The outstanding exception to 
this statement is the case of Bournemouth obser- 
ved at Slough, as mentioned above, in which 
exceedingly violent variations have been recor- 
ded. It is probable that this occurrence is due 
to a coincidence of wavelength and distance, 
and the relative magnitudes of the downcoming 
and direct waves. The conclusion that, within 
wide limits, the wavelength has no effect upon 
the amplitude of the variations observed over a 
period is to be distinguished from the fact that 
when the wavelength of transinission is changed 
inslantaneously the error in bearing due to night 
effect also changes appreciably. Excellent exam- 
ples of this occurrence have been obtained in ob- 
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serving on the transmissions from arc stations, 
such as Leafield, which employ for signalling 
purposes a marking and spacing wave differing 
in length by about 1-per cent. The errors in 
bearing taken in rapid succession on the mar- 
king and spacing waves differed at times by 
20 deg. to 30 dey. 

The experience of the author obtained in Great 
Britain thal the wavelength itself does not have 
а very marked effect upon the magnitude of the 
variations would appear to differ from that a 
Austin (53), who states that in the United States 
of America the variations on the shorter wave- 
lengths are considerably less than on the longer 
wavelengths. This conclusion does not, howe- 
ver, appear to be consistent with the results 
obtained by Merritt (54), Bidwell (55), and 
Reich (56) at Cornell University, which show 
variations in bearings exceeding 100 deg. on 
wavelengths of 880 to 500 metres. The diffi- 
culty of drawing very definite conclusions from 
observations made on available transmissions 
from commercial stations within range is illus- 
trated by Table VI, which is intended to show 
the decrease in magnitude of the bearing varia- 
tions when the range of transmission is over 
3,000 miles. The results given in this table 
were obtained at Teddington, England, during 
a series of continuous tests each lasting 24 hours, 


TABLE VI. 


in which observations were made of the apparent 
bearings of various European and American 
stations transmitting on wavelengths between 
14,000 and 19,000 meters. These experiments 
have shown that over similar distances the 
variations experienced on the wavelengths 2,000 
to 9,000 meters arc of the same order as those on 
ihe higher wavelengths, and also that the actual 
amplitudes of the variations decrease considera- 
bly for a range of transmission exceeding 3,000 
miles. In fact, on the American transmilting 
stations the variations in bearings show no mar- 
ked distinction between day and night periods. 
As illustrated in Table Vl, observations taken 
over several 24-hour periods show a maximum 
error in bearing of about 8 deg. for the Ameri- 
can stations, while on nearer European stations 
Ihe night error may range up to nearly 30 deg. 
From Table VI it is seen that of the two American 
stations observed one gave 94 per cent and the 
other 100 per cent of bearings correct within 


2 deg. during the whole series of tests; whereas 


of the European stations the best example, Car- 
narvon, gave only 63 per cent of bearings cor- 
rect to within this limit. The contrast of the 
observations on the stations at different distances 
is illustrated by figures 10 and 11 which are 
typical of the results obtained on transmissions 
from the American and European stations. The 


Summary of Observations Taken at Teddington during 24-hour Test from January to June, 1928. 


(4) (2) | (3) | (4) | (5) | (6) | (7) | (8) (9) 
No. Extent Error | Maximum Percentage of Bearings 
TRANSMITTING True x faeta: differing from Mean ђу 
| of of variation 5 | 
Wavelength. | Distance, of | more than : 
STATION bearing. | °bserva- be mean from 
| SE e 7 tions. | V3r!ation.| bearing mean и 
Y^ DE 5° is 2 deg. | 5 deg. | 10 deg | 20 deg. 
(meters.) (miles.) (degs.) (degs.) (degs.) (degs.) 
Bordeaux EY: à à 18 940 452 181.8 316 33 0 — 0.9 | — 19.4 63.3 32.6 5.4 0.0 
Carnarvon MUU... 14 200 200 301.3 139 7.7 + 1.3 | — 4.6 36.9 0.0 0.0 0.0 
Karlsborg SAU 18 050 160 44.4 919 19.8 + 2.9 | — 11.6 55.7 11.9 0 9 0.0 
Long Island WOK. . . 16 460 3,403 987.9 547 1.4 + 2.3 | + 3.4 6.4 0.0 0.0 0.0 
tugby GBR. . . [8 900 15 330.4 147 34.5 — 1.3 | + 21.9 85.8 47.7 11.6 4.8 
St. Assise UFT. : 14 990 231 146 3 416 34.0 — 3.9 | — 22.4 83.7 35.4 9.4 0.3 
Tuckerton WC] i 16 800 3,521 281.3 192 3.7 + 94 L 9.0 0.0 0.0 0.0 0 0 
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error of the daylight readings is in each case 
attributable to local conditions at the direction- 
finder. 

While discussing the effect of distance on the 
errors in observed bearings it 1nay be mentioned 
that Pickard (57) published in 1922 some results, 
of whicb a verv noticeahle feature was that the 
apparent bearings of European stations observed 
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FIG. 10. 


Graph of Observed Bearings of Long Island (МОК, A 
== 16.5 km) taken at Teddihgton during a 24-hour period, 
January 13 to 14, 1926. 


ot Maine, U. S. A., showed much smaller varia- 
lions than the bearings of some American sta- 
lions. This difference was attributed to the fact 
that the transmission from the former was most- 
lv over sea, whereas in the latter case it was en- 
tirely over land. It can he shown from theoreti- 
cal considerations, however, that this is probably 
not the correct explanation (16d). Mesny (58) 
has also found that the bearings on some Ameri- 
can stations observed in France show only a very 
small variation as compared with bearings taken 


ООЗЕРАПОМЗ OF 94 HOUR TEST GW Q K ом !3--20 10 4-86. 


116. 11. 


Graphs of Observed Bearings of Ste. Assise (UFT,A= 14.3km) 
taken at Teddington during a 24-hour period, June 2 to J, 
1926. : 


on the nearer European station. Experiments 
carried out in Shanghai by Gherzi (59) during 
1923-24 have also shown that while large night 
errors are observed for distances of transmission 
of less than 5,000 km. (3,000 miles) these errors 
have an extreme value of about 6 deg. when the 
range of transmission is from 5,000 to 12,000 
km (8,000 to 7,500 miles). 

The effect of the incidence of sunlight upon 
the upper regions of the earth's atmosphere can 


also be demonstrated during a solar eclipse. Fi- 
ture 12 shows the results of observations made 
al Slough on the transmissions from the Мап- 
chester broadcasting station during the solar 
eclipse of June 29, 1927. Although the normal 
night variations had ceased at about one hour 
after sunrise, it is seen that variations were tem- 
porarily restored during the period of obscura- 
tion of the sun. А discussion of these and other 
wireless observations made during the eclipse 
will be found in the official published re- 
port (60). | 

In concluding this section it may be repeated 
that it is onlv intended to be a general summary 
of the results obtained from the co-ordination 
of a large quantity of data. Anyone who is in- 
terested in obtaining more exact information on 
any portion of the work may be referred to the 
official reports containing the tabulated results 
in detail and published by the Radio Research 


FIG. 12. 
Observations of Apparent Bearings of Manchester (227) 
at Slough during the Solar Eclipse, June 29, 1927. 


Board. As far as the actual nature and magni- 
tude of the effects observed are concerned, the 
author believes he is correct in stating that his 
results obtained in the British Isles are in com- 
plete agreement with the observations made in 
other countries, such as by Mesny and others in 
France (58, 61, 62), by Stoye in Germany (63), 
Austin (64), Bidwell (54, 55), and Pickard (57) 
in America; and by Gherzi (59) in China. 


4. Analysis of the Performance 
of a Rotating Beacon. 


И the application of the principle of reversibi- 
lity in direction-finding as stated in Section 2 be 
accepted, then it is evident that the performance 
of a rotating loop beacon transmitter can be lar- 
gely predicted from the results and experience 
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obtained with receiving loop direction-finders. 
Thus a rotating loop beacon when erected on the 
same site as a direction-finder will give bearing 
Observations at a distant receiver, which will be 
subject to the same type of local error and night 
variations, for example, as the bearings observed 
cn the direction-finder when the distant recei- 
ving aerial is used for transmission. Such de- 
duclions as these have been confirmed by the 
author during the past two or three years in the 
investigation of the performance of a rotating 
beacon erected at Fort Monckton, near Gosport, 
England (44). Bearings observed on this beacon 
in certain directions were found to be subject to 
a small permanent error, which was of an ap- 
proximately quadrantal nature, and which de- 
creased in magnitude with increase of the wor- 
king wavelength (46). This error was of the 
same order as that experienced with a wireless 


direction-finder set up in proximity to the bea- 
con, and was found to be most probably due to 
some underground power cables. In the choice 
Of sites for future beacons it is evident that a 
portable direction-finder can be usefully em- 
ployed in ascertaining the suitability of the site 
and its liability to produce local errors. 

In order to ascertain the reliability of this tvpe 
of rotating beacon as an aid to marine naviga- 
tion, a number of tests were carried out on ships 
crossing the English Channel between South- 
ampton and Havre, and Southampton and Jer- 
sey. Using the ship’s ordinary wireless receiver 
observations of the bearing of the beacon were 
made at intervals during each trip and compared 
with the bearing as given by the Captain of the 
ship. 

A typical log of one of these tests is given in 
Table УП, while the chart in figure 18 shows a 


TABLE VII 


Summary of Observations Obtained on & Return Voyage from Southampton to Iiavre, 
September 22 to 24, 19280. 


Continuous Wave Transmission, À — 525 m. 


DATE. 
Position and how obtained. 


22 September 1926. 


2240 Southampton. А. 

23 September 1996. 0102 Beyond. Nab. V. B. 
0132 D.R. . 
0202 D.R. . 
0232 D.R. . 
0302 D.R. . 
0332 р. R. . 
0532 D.R. . 
0602 р. А. . 
0639 D.R. . 
0722 Havre. А. . 
1702 Havre. А. 

24 September 1926. 0012 D.R 
0032 D. R 
0102 D.R 
0132 D.R 
0209 D. R 
0239 D.R. . 
0402 D.R. . 
0432 V.B. . 
0442 2 miles from Nab. V.B. . 


From information supplied by Captain of ship. 
From Fort Monckton. 


Distance. 


Wireless 
bearing 
from 
beacon. 


Remarks. 


Bearing. 


(miles.) (degrees.) (degrees.) 
14 3 12 426 Mean of several readings. 
17.5 394 323 
96.0 398 329 
35 330 331 
43 331 33 
5! 339 332 
60 333 334 
96 330 331 | Night effect observed. 
105 328 330 | 
105 328 389 Mean of several readings. 
95 330 334 
2 d aa Night effect observed. 
69 329 ° 325 Night effect observed. 
60 329 325 
52 399 325 
24 329 326 
18 325 326 
44.5 394 393 


Notes. — (1) А = moored in dock, V. B. = visual bearings, D. R. = dead reckoning. (2) Night effect observed at 60 mil2s 


and over. (3) Maximum difference between estimated and observed 


throughout. 


bearings = 4 deg. at night. (4) Sea moderate 
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comparison between the ship's « dead reckon- 
ing » and the wireless course in three other tests. 
As a results of tests conducted on these lines it 
was found that in the majority of cases the esti- 
mated.and observed bearings agreed within from 
2 deg. to 4 deg., although at times this difference 
ranged up to 12 deg. Signs of night effects in 
the shape of indistinct signal minima and wan- 
dering bearings were observed at distances ex- 
ceeding 50 miles, but these were not always coin- 
cident with the above differences which some- 
times occured in daylight. In many cases at 
night and during misty weather, when visibility 
was very poor, the ship had to be navigated by 
dead reckoning so that the estimated bearing of 
i he beacon from the ship may be subject to some 
suspicion. 

In order to study these night variations in a 
more satisfactory manner,a number of tests were 
arranged in which observations were made con- 
finuously over a period of twelve hours or more 
from various fixed positions. The places of ob- 
servation were selected so as to provide a variety 
of ranges and also to show the difference between 
transmission over sea and over land. Some of 
the observations were carried out in ships moo- 
red in dock or alongside a light vessel, while 
other observations with transmission entirely 
overland were carried out at Slough and Ted- 
dington. 

Àn analysis of the readings obtained in this 
зпаппег in daylight shows that for ranges up to 
26 miles the maximum departure of the obser- 
ved bearings from their mean or correct value 
was 8 deg., while up to the maximum range of 
119 miles the greatest deviation was 6 deg. In 
most cases over 90 per cent of the observations 
were correct within 2 дес. When the observa- 
lions were carried out at night, the above accu- 
racies were maintained for distances overland of 
14 miles and oversea of 28 miles. At distances 
of 92 miles entirely oversca the night errors ex- 
perinenced ranged up to a maximum value of 
18 deg., but it is to be noted that in these cases 
over $4 per cent of the bearings were correct to 
witlin 5 dez. When the oversea distance excee- 
ded 100 miles the errors became more serious. 
For overland transmission the errors were much 
larger, and al a distance of 55 miles errors up to 
32 deg. were experienced, while only 66 per cent 


of the observed bearings were correct to within 
5 deg. In spite of such large errors, however, it 
was found that the mean bearing of the beacon 
from any position was practically the same by 
day or night. This implies that the systematic 
error of the night variations is very small, so 
that the effect of errors of individual observa- 
lions can be largely mitigated by taking the 
mean of a number of successive bearings. It was 
not found possible to draw any definite distinc- 
lion between the use of continuous wave and 
interrupted continuous wave transmissions. 


Owing to the difficulty of anchoring a ship in 
a fixed position at a considerable distance from 
land for a period of 12 hours or more, it has not 
been possible to fill in the gap which occurs in 
these tests between distances of 23 and 92 miles, 
all oversea. No evidence of night effect was ob- 
served in the cross-channel.tests at any distance 
below 60 miles, however, and it scems reasona- 
ble to infer therefore that the reliability of the 
bearings at 23 miles as recorded above would be 
inaintained up to distances of 50 or 60 miles so 
long as the path of transmission is entirely over- 
seu. Under these conditions we may expect that 
about 85 per cent of all observed bearings will 
be correct to within 2 deg. At larger distances 
night errors begin to be encountered but do not 
hecome serious until thc oversca range is in ex- 
cess of 90 miles. 

This conclusion may ђе compared with the 
somewhat similar one contained in the following 
quotation from a paper (65) by the author, des- 
cribing experiments made а few years ago lo lest 
the reliability of wireless direction-finding over- 
sca. 


When, however, the transmission is entirely over- 
sea, so as to be well clear of any land effects, the 
accuracy of observed bearings is maintained within 
the limit of 2 deg. for night as well as for day work- 
ing at distances approaching 60 miles ; and even up 


to 100 miles over 90 per cent of the bearings are cor- 


rect within 2 deg., the limiting error under ordinary 
working conditions being 4 deg. 


Such accuracies refer to the bearings obtained 
af a land direction-finding stalion; and are su- 
perior to those obtoinable with a ship direction- 
finding installation, a matter which is discussed 
in Seclion 6 below. 
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COMPARISON OF BEARING OBSERVATIONS By BEACON 
AND BY DIRECTION-FINDER 


With a view to obtaining experience on the 
relative merits of the rotating beacon and the 
direction-finder as a means of obtaining wireless 
earings, a direct comparison of the two systems 
has been carried out under a variety of condi- 
tions. 

At each site a simple receiver with a vertical 
aerial was employed for the reception of the si- 
gnals from the rotating heacon. Adjacent to 
this, but at a sufficient distance to avoid mutual 
interference, a single-frame coil direction-fin- 
der was set up for the purpose of taking ordinary 
direction-finding bearings while the beacon loop 
was fixed with its plane approximately in the 
direction of the receiver. As a further precau- 
tion against producing a spurious reading on the 
direction-finding set the vertical aerial was dis- 
connected during the taking of bearings on the 
direction-finder. A few tests carried out on 
land showed that apart from the occurrence of 
local errors due to the site selected, the two sys- 
tems gave observed bearings of similar accuracy. 
In order to study the variations in bearings expe- 
rienced with the two systems.over extended pe- 
riods, further experiments were carried out on a 
ship at Jersey and on land at Slough. The ana- 
lvsis of a large number of readings taken in this 
manner confirmed the similerity in accuracy of 
ihe two systems, and showed also that results 
obtained with continuous wave transmission 
were similar to those obtained with interrupted 
continuous waves. 


At night time the variations in observed bea- 
rings were quite serious in all cases. The ex- 
tent of the variation ranged from 20 deg. to 
57 deg. in the case of the rotating beacon bea- 
rings, and from 69 deg. to 130 deg. in the case 
of the direction-finding bearings. Under these 
conditions, however, over 86 per cent of the bea- 
rings taken on the rotating beacon were in error 
by less than 10 deg. while in the case of the 
direction-finding bearings over 62 per cent were 
in error by less than 10 deg. As already men- 
tioned it is now well-known that these errors are 
due to the reception of waves from the transmit- 
ter deflected in the upper atmosphere, and it is 
realized that in the results quoted above the va- 


riations on the direction-finder are exaggerated 
by the fact that the loop transmitter radiates very 
much more to the upper atmosphere than is the 
case with a vertical aerial. 


Comparison Test AT SEA 


Some of the test runs made on ships between 
Southampton and Jersey, discussed above, were 
carried out in a ship which is fitted with a Mar- 
coni direction-finder using fixed frame coils on 
the Bellini-Tosi svstem; arid the opportunity was 
thus provided of comparing the two systems of 
obtaining wireless hearings under actual sea- 
going conditions. The results obtained on one 
trip, in which observations were made successi- 
velv on the rotating beacon and on the direction- 
[inder with the beacon fixed in the maximum 
signal position, are given in Table VIII. 


Considering first the results in Table VIII it is 
seen that with two exceptions the direction-fin- 
ding bearings agree with the estimated bearings 
to within 5 deg. Of the two exceptions, one 
shows an error of 10 deg. at a range of 
114 miles, while the second shows an error of 
11 deg. at 14 miles distance, when the ship was 
proceeding up the Solent. It is thought that a 
portion of these errors, but probably not more 
than 8 deg. or 4 deg., is due to a land deviation 
effect which is difficult to compensate for on a 
ship direction-finding set. During the same 
run, the rotating beacon bearings, after correc- 
lion for the 1 deg. or 2 deg. of error in some 
positions from the calibration curve, show a 
maximum departure from the estimated bearing 
of 4 deg. 


In searching for an explanation of the direc- 
tion-finding errors above, it is to be remembered 
that the direction-finding bearing is observed 
relative to the ship's head and that, therefore, 
the accuracy of the bearing is limited to the 
accuracy with which thc ship's compass indica- 
tes the instantaneous direction of the ship's head. 
On the ship in question the diveclion-finding set 
is operated from the wireless room and on a si- 
znal being given to the bridge the compass rea- 
ding is taken by one of the ship's officers. In 
anything but a very calm sea it is naturally diffi- 
cult to keep the ship's head steady to within one - 
or two degrees, and in a rough sea the swing 
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may amount to five degrees or more. Also there 
is probably a lag between the actual direction 
of the ship's head and the reading of the com- 
pass. Finally, unless it is calibrated at frequent 


intervals, it is doubtful if the reading of a mag- · 


netic compass is accurate to within 2 deg. or 
3 deg. over all parts of the scale. The consi- 
derations may result in the accuracy of a ship 
direction-finder installation being appreciably 
inferior to that of a similar apparatus on land. 
The errors due to the above cause will probably 
decrease with an increase in the size of the ship, 
but the ship mentioned above is probably typical 
in size to many which will, in the future, utilize 
wireless bearings for navigation. It is also to 
be remarked that the ship direction-finding set 


is subject to a quadrantal error, for which cor- 
rection or compensation is necessary. 

On the other hand the rotating beacon method 
of obtaining wireless bearings is free from all 
these objections. Except for the interfering ef- 
fects of noise and general vibration, the accuracy 
of the observed bearings is the same whether the 
ship is in dock or at sea. 


RECEPTION OF BEACON TRANSMISSIONS 
on Loop AND AERIAL 


Since it rnay sometimes be required to receive 
and observe signals from a rotating beacon on a 
closed loop or direction-finding set instead of on 
an open aerial, it was considered to be useful to 
make a brief comparison between the two cases. 


TABLE VIII. 


Summary of Observations Obtained of a Return Trip between Southampton and Jersey, 
September 14 to 16, 1927. 


From information supplied 


Wireless Bearings 


by Captain of ship. Type 
G.M. T of Remarks. 
DATE. E | From Fort Monckton. bon oe 
Position and how obtained. | beacon: transmission, 
Distance. | Bearing. 
• 
(miles.) (degs) (degs.) (degs.) 
44 September 1987. 9340 Off Egypt Point. V. B. 90 92 88 I. C. W. 
15 September 1997. 0010 Off Yarmouth Pier. V.B. 16 18 74 15 C. W. 
0040 nr. Needles. V. B. 92 68 65 67 1. C. W. 
0610 At Guernsey. А. 110 34 36 33 C. W.  exdüdh 
040 | St. Martin's Point. D.R 414 34 34 33 C. W. canes 
0740 nr. Groznez Point. V.B 144 21 30 37 I. C. W. 
4540 At Jersey. А. 116 91 29 96 1. C. W. Means 
1610 At Jersey. А 116 91 92 94 C. W. of several 
1640 At Jersey. A. 116 21 22 25 I. C. W. readings. 
16 September 1927. 0710 nr. La Corbiére. V. B. 119 25 28 Sigs. С. W. 
i too weak. 
0940 nr. Casquets. V. B. 96 35 39 ]. C. W. 
1010 beyond Casquets. V.B. 88 39 36 36 C. У. 
1040 4954! N. D. R. 78 40 38 . 42 I. C. W. 
2017! W. 
1110 5002! N. D. R. 68 41 38 44 C. W 
999.9! W. Sea smooth. 
1140 9090.5! N. D. R. 55 43 39 41 I. C. W. 
202,5! W. 
1310 Outside Needles. V. B. 30 59 48 57 C. W. 
1340 Inside Needles. V. B. 20 14 TO 74 I. C. W. 
1440 Lepe Middle. V. B. 14 89 82 93 C. У. 
1440 Beacon Buoy. V. B. 10 119 191 119 I C. W. i 


Notes. — (1) A = moored in dock, V. B. = 


visual bearing, D. R. = dead reckoning. ( 


9 


fu 


) 


Maximum difference between 


estimated and observed bearings on beacon = 4 deg. in daylight. The observed bearings have Leen corrected 
land errors in accordance with the previous calibration of the beacon in the area occupied by the ship. (33 Maximam 


difference between estimated and D. F. bearings = 
effects for which a correction is not readily applicable. 


for 


11 deg. in daylight. Part of this difference is probably due to land 
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When working in daylight or under such con- 
ditions at night as to be from night variations, 
il, has been found that the bearings observed on 
a loop agree with a maximum departure of one 
degree, with those observed on an aerial. When 
operating under conditions of night variations, 
however, the errors encountered on the loop 
receiver are greater than those observed on the 


acrial. This effect is due to the fact that with 
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and the direction-finder adopted in the tests des- 
cribed above is the correct one for determining 
the relative advantages of the two systems for 
marine navigalion purposes, it does not consti- 
tule a strict reversibility of the system, aerial to 
loop. By crecting a direction-finder in close 
proximily to the rolaling beacon and using a 
distant aerial either to transmit to the dierction- 
finder or to receive from the beacon this rever- 
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Fic. 14. 


Comparison of Night Observations on Rotating Beacon and on Direction Finder, March $3, 


1928 (undamped waves, 


à = 525 meters). 


downcoming waves arriving at the earth's sur- 
face the resultant horizontal magnetic Пеја (ope- 
rating on the loop) is of greater intensity than 
ће vertical electric Пеја (operating on the verti- 
cal aerial) (50, 52). These results have been 
confirmed for both continuous wave and inter- 
rupled continuous wave transmission. 


Mawr Errors EXPERIENCED UNDER STRICTLY 
REVERSIBLE CONDITIONS 
Reference has been made in one or two places 
in this paper of the application of the reciprocal 
theorem to wireless direction-finding. While 
the form of comparison of the rotating beacon 


sibility is achieved. In this manner it was 
shown that both local and night errors are of 
the same order on the two systems and a graph 
of bearing taken at night under these conditions 
is shown in figure 14. 


5. Conditions Affecting Direction-Finding 


as an Aid to Navigation. 


In the application of a direetion-finding sys- 
tem to either marine or aerial navigation it is 
important to understand clearly the exact con- 
dilions under which the observed bearings arc 
accurate, and in other conditions to appreciate 
the order of magnitude of the possible errors 
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involved and the means of mitigating these 
where possible. ТЕ is generally conceded nowa- 
days that an accuracy of 2 deg. in observed bea- 
rings is suitable for navigation purposes, parti- 
cularly when it is borne in mind that the obser- 
valions may be repeated at frequent intervals. 
An important factor to be noted from a navi- 
gational point of view is that of any effect of 
fog on direction-finding, since it is chiefly du- 
ring foggy weather that the majority of direc- 
tion-finding stations are called into action On 
several occasions the author has taken particular 
notice of the existence of fog at times when 
observations were in progress with a negative 
result. On one occasion in particular the fog 
was spread over the Brilish Isle and a large 
portion of Western Europe, but the directional 
variations showed nothing beyond the usual day 
and night effects. These results form a con- 
firmation to the observations of Rothé (66), who 
concluded that no variations in ordinary atmos- 
pheric conditions would account for the small 
variations in bcarings observed in the daytime. 
During the course of the many experiments 
carried on with the direction-finder and the ro- 
lating beacon it has been found that the type of 
wave transmission employed has no effects upon 
the bearings observed, and that the errors and 
effects encountered are of the same order for 
damped, undamped, and interrupted undamped 


waves (67, 44). 


A) Errors Due to Local Conditions. .— In Sec- 
tions 2 and 3 above it has been mentioned that 
various conditions may be present in the neigh- 
borhood of either a direction-finding station or 
a rotating beacon to cause an error in the bea- 
ring observed on a distant station. From va- 
rious detailed investigations into the causes of 
such errors it is known that the most prominent 
effects are due to masses of metalwork and 
wires, either above or below the earth's surface, 
and to trees (19, 20). In most cases where the 
directional station is situaled on land it is pos- 
sible to select a site which is largely if not enti- 
rely immune from such effects, and provided 
that the residual errors do not exceed 2 deg. or 
3 deg. in magnitude they can be definitely 
ascertained by a calibration at short distances, 
and a correction obtained for application to 


other observed bearings. In the case of the use 
of a direction-finder on board ship it is impos- 
sible to he clear of the metalwork of the ship 
ilself and the resulting bearings are subject to a 
quadrantal error, which can either be compen- 
sated by circuit adjustment or corrected for 
from a chart (41, 42, 43). 


B) Coastal Errors. --- Another type of error 
(which might be classified as one due to local 
conditions, but which, on account of its impor- 
lance in the application of direction-finding to 
marine navigation deserves a special section) is 
that due to the deviation of wireless waves in 
crossing a coast-line, when the path of the wa- 
ves lies approximately parallel to the coast. In 
(ће experimental work carried out at Orford, 
Suffolk, the coastal error on wavelengths of 450 
and 600 melers was found to be of the order of 


. deg. or 4 deg. when the direction of transmis- 


sion was within 20 deg. of the coast-line. In 
one instance, in which the wavelength was sys- 
tematically increased from 500 to 2,600 meters, 
the corresponding error decreased from 3.2 deg. 
to 1.4 deg. On higher wavelengths the obser- 
ved coastal error was less than one degree. In 
cvery instance thc error was such as to indicate 
a bending of the waves towards the normal to 
the coast-line, in passing from the sea to the 
land side of the boundary. These experimental 
results are in complete agreement with those 
previously obtained by Eckersley (8) but, as al- 
ready pointed out (68), they are inconsistent 
with the explanation of the deviation as a coas- 
tal refraction effect due to the difference in the 
superficial velocity of wireless waves over land 
and sea. For the theoretical aspect of the рго- 
blem would appear to indicate a deviation much 
smaller than that actually observed, and also in 
the opposite direction. 

More recently some experiments on the pro- 
pagation of waves across a coastal boundary 
have been made bv Baümler and Zenneck (69). 
Their results generally confirm those given abo- 
ve as to the magnitude and direction of the de- 
viation of the waves in passing from sca to land. 
Тћеу further showed that the deviation at the 
coast is unaltered by the change in sea-level 
from high to low tide. Worltledge (70) has also 
viven brief details of some experiments carried 
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out at a direction-finding station in which indi- 
cations were given of the reflection of wireless 
waves from the landward side of a coastal boun- 
dary. As a result of this phenomenon errors 
in observed bearing and indistinct minima due 
lo interference may be produced at a direction- 
finding station when observing on transmis- 
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sions emanating from a station on the same side 
of the boundary. | 

In connection with these coastal errors it is 
worthy of note that, with the accumalation of 
experience of the use of direction-finders on 
board ship, it is now becoming customary to 
mark out on charts the « arcs of good bearings » 
of various transmitting stations, within which 


the results of observations are found to be re- 


liable (71). Similar arcs can, of course, be pro- 
vided for shore direction-finding stations or ro- 


tating beacons; and their boundaries would be 
found in the initial calibration of the station for 
(ће permanent local errors. 


C) Night Errors and Their Elimination. — As 
Ihe result of the analysis of a large quantity of 
dala obtained with wireless direction-finders it 
can be stated that the minimum distance at 
which night variations have been consistently 
experienced is «bout 30 miles for overland wor- 
king, observations taken at closer ranges than 
this showing a maximum error of only 2 deg. or 
3 leg. Mesny (59) has stated that night varia- 
lions may occur for ranges of transmission as 
small as 15 miles, but according to the author's 
experience night errors are small at such dis- 
lances. For example, observations of the bea- 
rings of the London broadcasting station taken 
at Slough, 18 miles away, have shown a maxi- 
mum error of less than 5 deg. during many 
months (see Table IV). Similarly, the bearings 
of the Air Ministry in London, at Teddington, 
distance 17 miles have shown a maximum error 
of 4.5 deg. while 99 per cent of the readings were 
within 2 deg. of the mean bearing. On the 
other hand, Ongar, which is 30 miles away, 
gave an error up to 8 deg. at the same observing 
station, and only 14 per cent of the readings 
differed from tlie mean by less than 2 deg. 
When, however, the path of transmission is 
entirely oversea, as was the case in the obser- 
vations carried out at Orford on the transmis- 
sions from various ships, the above minimum 
distance is increased to about 80 or 90 miles (65). 
This fact is of great importance in the applica- 
tion of direction-finding to marine navigation, 
and it is perhaps fortunate that the usual condi- 
lions connected therewith are that the observed 
bearings should be accurate at distances which 
are usually less than: 50 miles and never greater 
than 100 miles. It is now known that under 
such conditions direction-finding is sufficiently 
accurate for navigational purposes. 

Ihe explanation of the greater range freedom 
from directional errors due to the diminished 
attenuation of the direct wave traveling oversea 
was first given by Wright (73) in 1990. An 
exactly similar result has been obtained from 
the experiments carried out at sea in the obser- 
vation of bearings from a rotating beacon (44). 
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Even in the presence of night errors their effect 
can be largely mitigated with either system of 
direction-finding by taking a series of observa- 
tions in succession over a period of a few minu- 
tes, when the mean bearing so obtained will be 
much more accurate than a single reading. 
As already mentioned in a previous section it 
is now well known that the night errors expe- 
rienced in the use of closed-coil direction-finders 
are due to the action of the horizontally polari- 
zed component of the downcoming waves. The 
effect of the horizontal component of the elec- 
tric force in producing an error in observed bea- 
ring is illustrated by the series of diagrams for- 
ming figure 15. It is generally assumed that 
the downcoming waves have travelled through 
the upper regions of tlie earth's atmosphere 
without deviating laterally from the great-circle 
plane through the transmitter and receiver. 
The author believes he is correct in stating that 
this assumption remains undisputed at the pre- 
sent time, except for wavelengths below about 
90 meters. ЈЕ will be evident, therefore, that 
any receiving system which is unaffected by a 
horizontal component of electric force would be 
free from night errors, even though the verti- 
cally polarized downcoming waves might still 
produce variations in received signal strength. 
A direction-finding receiving arrangement 
which fulfils this condition was patented by 
Adcock (14) in 1919, but this system does not 
appear to have reccived practical consideration 
until Mr. Barfield and the author (74) experi- 
mented with it in 1926. | 
The siniplest form of the Adcock aerial system 
is a pair of spaced vertical aerials arranged to 
rotate about a central vertical axis, as shown in 
figure 16, thus forming the equivalent of the 
single closed-coil direction-finder. By making all 
connections to the centers of the aerials the hori- 
zontal members of the system are compensated 
so that no e. m. f is induced in the system by a 
horizontal electric force. То obtain increased 
sensitivity larger aerials set at a greater spacing 
may be employed, and when the system becomes 
too large to rotate, two pairs of such aerials may 
be employed with closed loops in the Bellini-Tosi 
direction-finder. The schematic arrangement 
of such a system is shown in figure 17, while 
the photograph in figure 18 gives a view of the 


practical arrangement employed in a series of 
experiments which have been described in detail 
elsewhere (74). The type of result obtained is 
illustrated by the curves given in figure 19, 
which shows the results of simultaneous obser- 
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vations made on an ordinary closed-coil direc- 
tion-finder and on one of the Adcock type on 
the transmissions from a British broadcasting 
station. It will be seen from this diagram that 
while the closed-coil set during this period of 
observations was giving very bad night varia- 


INSULATING ROPES 


SUPPORTIN HUT. 
24] 
S ди 
== — ~ + MEA 
22 | = 
IR 0 | 
HERTZIAN f || | 
AERIALS. l 


u.. Li (tee = V EN 


| EE MA RT 
? \: - - 
WL. GROUND LEVEL. 


FIG. 17. 


lions, the corresponding errors observed on the 
Adcock direction-finder were negligible. И is 
lo be concluded from these and similar results 
obtained on the transmissions from otber broad- 
casting stations that lateral deviation plays a 
negligible part in producing the large and va- 
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riable errors which are obtained at night on the 
present type of closed-coil direction-finding set, 
and that therefore these errors arc almost enti- 
rely caused by the arrival of downcoming waves 
polarized with the electric force horizontal. 

It will be appreciated that it follows from the 
above conclusions that such a system may be 
used as а direction-finder which gives the true 
great-circle plane of arrival of wireless waves, 
whatever may be their state of polarization or 
their angle of incidence at the earth's surface. 
The system should, therefore, have important 
applications as an accurate direction-finder un- 
der night conditions, or for use in observing 
on iransmissions from closed loop type of 
instrument is subject to large errors. Con- 
versely the Adcock aerial system may be used in 
place of the closed loop at a directional trans- 
mitting station for use either às а course-setter 
Or as a bearing indicator, with freedom from 
the night errors which have already been expe- 
rienced (33, 44). The practical development of 
the system both as a transmitter and as a recei- 
ver towards the above ends is now being pur- 
sued in Great Britain. 


6. Relative Advantages of Direction-Finding 
by Transmission and Reception 
for Navigation Purposes. 


A) Location of the Direction-Finder. — At the 
outset it must be admitted frankly that, owing 
(о the more advanced slate of ils development at 
the present time, the wireless direction-finder 
when used in a fixed. position on land gives a 
somewhat superior accuracy to the rotating bea- 
con; for it is not easv to obtain bearings on the 
rotating beacon to a greater accuracy than two 
degrees, whereas a good land direction-finding 
station should give bearings reliable to one de- 
gree. This, however, is not the whole story and 
reference must be made to the conclusions of a 
controversy of long standing on the matters of 
the location of the direction-finder, whether on 
ship or shore, and of the individual upon whom 
it is most desirable to place the responsibility of 
observing the bearings. Without giving the full 
details of this controversy it may be stated that 
it is very desirable for the navigator to take the 
wireless bearings personally or have these ob- 
servalions made by somebody under his direct 


control and supervision. Since the navigator is 
responsible for the safety of bis ship it is unrea- 
sonable to expect him to rely, particularly in 
emergencies, upon observations made at a shore 
direction-finding station by a man quite un- 
known to him, and of whose skill and reliability 
he is quite unable to judge. In addition there 
is the possibility of error in signalling the bea- 
rings froin shore to the ship, the interference to 
other wireless traffic in doing so, and the point 
of some strategic importance that the informa- 
lion as to the ship's bearings or position is 
broadcast to all wireless stations in the vicinity. 
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Observations of Bearings on Bournemouth, 
December 10, 1925 (À = 386 m). 


It will be evident, therefore, that the most desi- 
rable position for the wireless direction-finder is 
on the ship itself, and this view is confirmed by 
the fact that during the past few years an increa- 
sing number of ships have been fitted with di- 
rection-finders whereas the number of shore 
direction-findine stations has never been large 
and is decreasing. The true comparison to be 
made, therefore, is between the rotating beacon 
transmitter set up on shore and the direction- 
finder installed on board ship. In the follo- 
wing paragraphs the discussion of this compari- 
which one system appears to have over the 
other. 

B) Superioritv of the Ship Direction-Finder 
over the Rotating Beacon. — [t was considered 
at one time that with. the installation of the 


direction-finder on board ship the necessity for 
special transmissions for wireless bearing pur- 
poses would be eliminaled. This, however, has 
been found not to the case and it is now the 
practice to erect fixed transmitting stations or 
beacons (75) for the sole purpose of providing 
special transmissions for the use of ship direc- 
tion-finding sets. These beacons are usually 
located near lighthouses or on light-vessels at 
points of importance for navigation. The use 
of the direction-finder is not limited to such 
beacons, for bearings may be taken upon the 
transmissions from any land station the posi- 
tion of which is accurately known. It has been 
found, for example, that some broadcasting sta- 
tions form very useful fixed beacons operating 
for many hours of the day when it is desired to 
take wireless bearings on a ship at sea. The 
navigator with a direction-finder under his con- 
trol thus has the opportunity of taking a series 
of cross-check bearings and so of improving the 
accuracy of determination of his position. 

A further advantage of the ship fitted with 
the direction-finding set is that the opportunity 
is provided for observing bearings upon the 
transmissions from other ships. This may be 
useful when contact is made with a ship which 
knows its own position, but it is of greater im- 
portance when applied to the location of ships 
in distress, as has already been demonstrated in 
several practical cases. Moreover, there is the 
possibility that the future development of the 
ship direction-finder will provide a means for 
reducing or avoiding collisions between ships 
in foggy weather. 

These advantages are not possessed by the 
rotating beacon system which provides the ships 
with the opportunities of obtaining bearings 


only during the operation of such beacons, and . 


in those areas of the world in which these bea- 
cons are installed. The navigator with a direc- 
tion-finding set under his immediate control 
would probably use it very frequently and 
would thus soon become aware of the occurence 
of any fault or error. With the rotating beacon 
system he would be dependent upon informa- 
tion from the shore station staff as to any such 
errors; but against this it may be urged that 
such a staff would be more expert at dealing 
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with and removing the error than would the 
average navigator or wireless operator. 


C) Superiority of the Rotating Beacon over 
ће Ship Direction-Finder. —- Ву way of coun- 
lering the remarks made in the above section it 
may be said that the rotating beacon transmitter 
retains all the advantages which were sacrificed 
when the direction-finding installation was mo- 
ved from the shore to the ship. These advanta- 
ges comprise the fact that the directional part of 
the system is fixed in position on solid ground 
and that it can, therefore, he accurately oriented 
and calibrated at installation, and also that it 
can be under the continuous supervision of ex- 
perts. One directional shore station will pro- 
vide service to an almost unlimited number of 


ships, whereas each ship direction-finder must 


be carefully installed and operated by experien- 
ced men. 

One of the great advantages of the rotating 
beacon system is that no apparatus beyond a 
simple wireless receiver and a chronograph is 
necessary on the ship itself; a direction-finding 
service is thus provided for ships of all classes 
from the largest to the smallest. In the case 
of many small ships it would not be practicable 
lo install a direction-finder with any pretence to 
accuracy; and to the large ship already fitted 
with a direction-finding set a rotating beacon 
would be an additional asset in enabling further 
bearings to be taken either for check purposes 
ог for position determination. Furthermore, 
the method of observing bearings is so simple 
that they can easily be determined by the navi- 
gator himself in any portion of the ship without 
necessarily requiring the assistance of a wireless 
operator. 

It has already been hinted that the accuracy 
of bearing observation by direclion-finder on a 
ship at sea is less than that obtainable with a 
similar installation on land. The difference is, 
in fact, sufficient to make the optimum accu- 
racy of ship direction-finder comparable with 
that of the rotating beacon system. The direc- 
tion-finding bearing is taken relative to the 
direction of the ship’s head, and its accuracy 
depends upon the steadiness of the ship and also 
upon the accuracy with which the direction of 
the ship’s head is given by the compass reading 
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at any desired instant. In anything but a calm 
sea it is difficult to keep the head of a small ship 
steady to within one or two degrees, and in a 
rough sea the swing may amount to five degrees 
or more. Also there is probably a lag between 
the actual direction of the ship's head and the 
reading of the compass, whercas no such lag 
exists on the direction-finder. The bearing ob- 
tained from the rotating beacon is entirely free 
from these limitations and its accuracy is prac- 
lically the same whether the ship is at sea or in 
dock. Also since the accuracy of observed bea- 
ring has been shown to be largely immune from 
conditions local to the receiver, no correction 
or compensation is necessary corresponding to 
the quadrantal error associated with the ship 
direction-finder. This error is likely (о be 
serious in the case of many small ships, and 
there is the added possibility of its alteration 
with draught and nature of cargo. 

The limitation of range of accurate bearings 
due to night effect has been shown, both theore- 
tically and experimentally, to affect both sys- 
tems of directional wireless to the same degree. 
The accuracy of the rotating beacon has also 
bcen found to be sensibly the same for both 
continuous wave transmission and interrupted 
continuous wave transmission. Considering 
the possibility of interference of the rotating 
beacon transmitters with other wireless services, 
a similar objection may ђе raised to the fixed 
ћеасоп transmitter which has been found to be 
so necessary in conjunction with the ship direc- 
tion-finder. In neither case, however, is any 
serious interference likely to be caused since de- 
finite and distinct wavelengths have now been 


allocated to both types of beacon. 
A small point just worthy of mention in con- 


cluding this section is that rotating beacons 
erected on the coast would be of some conside- 
rable service to aircraft navigators, particularly 
those making daily flights along the principal 
air routes, | 

D) Conclusions. — It will be gathered from 
the above discussion that the rotating beacon 
system is considered to have some advantages 
over the ship's direction-finder in the applica- 
lion of directional wireless to marine naviga- 
lion. These advantages are, however, probably 
not sufficiently well defined at present as to 


make the future policy of those concerned with 
these malters independent of certain other fac- 
lors; and in any case it is evident that the econo- 
mics of the situation must be considered as well 
as the technical features. The rotating bea- 
con system would at first appear to be an 
economy in that the whole cost of the direc- 
tional apparatus is removed to the authority 
controlling the shore stations; and it is to be 
presumed that the cost of installing and main- 
taining the rolating beacons would be met by 
the levy of a tax upon all ships using the 
beacons. This might be a great advantage to 
the shipowners who, judging from their tar- 
diness in equipping their ships with direction- 
finders, do not appear to find this apparatus 
very cheap. To the cost of such direction- 
finders, moreover, is to be added that of the 
fixed beacons specially built for their use. 
This cost depends upon local conditions and 
whether or not the beacon can be installed at an 
existing lighthouse and maintained by the per- 
sonnel of the lighthouse. The first rotating 
beacon for practical working to ships has vet to 
be built so that details of the cost are at present 
unknown. 
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LE PROBLEME DE L'ONDE UNIQUE EN TELEPHONIE SANS FIL, 
par R. MOENS et M. COSYNS. 


La multiplicité croissante des postes d'émis- 
sions radio-électriques a posé le probléme de 
la répartition de leurs longueurs d'ondes. Les 
valeurs de celles-ci ne pouvant pratiquement 
dépasser 3 kilométres, le nombre de postes de 
radiophonie que l'on peut admettre sans brouil- 
lages réciproques est assez restreint. On admet 
que la différence de leurs fréquences ne peut 
descendre au-dessous de 5,000 vibrations/secon- 
de, la bande des fréquences musicales s'étendant 
entre 10 et 5,000 au moins, et cette convention 
est nettement insuffisante quand on tient compte 
de ce que la plupart des postes européens trans- 
mettent outre Гопде porteuse les deux side- 
bands et que, circonstance plus grave, peu de 
postes ont leur longueur d'onde stabilisée. 

Ainsi s'est posé le probléme de l'onde unique 
qui consiste à établir plusieurs postes sur des À 
identiques et ne pouvant donner d'interférences 
entre les ondes porteuses. La difficulté consiste 
en ce que cette égalité de fréquence doit étre 
réalisée à moins де 10 à 15 vibrations/seconde 
prés, faute de quoi les ondes porteuses donnent 
une interférence audible, ce qui améne un brouil- 
lage complet entre ces deux postes. 


Le probléme de l'onde unique comporte deux 


parties : 

1° Établir deux ou plusieurs postes ayant des À 
stables à quelques vibrations/seconde prés. Ce 
probléme est résolu actuellement d'une facon 
simple et pratique par le quartz piézo-électrique. 

2* S'arranger pour que ces deux fréquences 
soient égales à moins de 10 vibrations/seconde 
prés. 

On a espéré pouvoir arriver à cette fin en tail- 
lant deux quartz exactement sur la méme 2. Cela 
est pratiquement  irréalisable. L'épaisseur de 
1 mm. de quartz correspond à 8 millions de 
cycles/seconde environ, et il faudrait donc réali- 
ser cette égalité d'épaisseur à moins de 10 à 15 


millionièmes de millimètre. On a proposé alors 
(Meissner) de corriger un peu la fréquence pro- 
pre du quartz, en mettant une petite capacité en 
série sur lui. Mais cette solution diminue consi- 
dérablement l'énergie et la stabilité des oscilla- 
tions piézo-électriques. | 
Nous avons résolu le probléme de la facon sui- 


. vante : 


Nous établissons un poste A stabilisé par quartz 
sur une fréquence F, et nous nous proposons à 
partir d'un quartz de fréquence F, voisin de F, 


ЦЕ, — F,| = f] de construire une onde stabili- 


sée et égale à F, à moins de 10 à 15 cvcles. Cela 
revient donc à obtenir une oscillation de fré- 
quence Е,, à partir d'une fréquence F, et d'une 
fréquence f, ou encore au probléme plus général 
d'ajouter deux fréquences de pulsation o et Q. 
Un calcul approché mais simple montre la 
possibilité de ce probléme au moyen de deux 
triodes que nous supposerons identiques (méme 
résistance filament-plaque e et méme facteur 
d'amplification k) (fig. 2). Désignons-les par L, 
et L; et par i, et i, les courants de plaques (ou 
plutót les variations de ceux-ci autour d'une 
valeur movenne). | 
Introduisons dans la grille де la première lam- 
pe L, à la fois une force électromotrice de la 
forme a sin wi et b sin Qt. Faute de mieux, on 
décompose les caractéristiques des lampes à trois 
électrodes en plusieurs régions : une région à 


courbures positives pour les voltages grille fai- 


ble, une région quasi rectiligne, une région à 
courbure négative finissant dans la région hori- 
zontale de saturation. 

Nous aurons, en arrétant le développement en 
série de la fonction i— f (a sin wt+b sin Qt) au 
3° terme, 


: i, == (a sin ot + b sin Qt) 4- a (а sin wt + 2 sin Q1)? 


+ Ё (a sin wt + b sin ОГ), 
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Introduisons également cette méme f. e. (a sin 
о {+ b sin Qt) dans le circuit de grille de la 2 lam- 
pe L,, mais en ayant soin d'inverser la phase de 
l'oscillation Qf. Nous aurons, en faisant la méme 
hypothèse simplificatrice (sin Qt est à remplacer 
par — sin Qt), 


De = (a sin wt — b sin QI) + «(a sin wt — p sin QD? 
+ B (a sin ot — b sin Q1)*. 


Induisons ces variations i, et i; respectivement 
dans les deux selfs l,, l’, couplées aux deux selfs 
l, l, placées dans les circuits de plaques de 
L, et L,. 

Nous aurons ainsi dans celles-ci des f. e. indui- 
tes proportionnelles à 

v, = (aw cos wl + bQ cos QL) 


+ 2a (a sin wt + b sin Qt! (aw cos wt + bQ cos Qt) 
+ 38 (a sin wt + b sin Qt)? (aw cos wt + bQ cos Qt), 


ou 


v, = (aw cos wt + bQ cos Qi) 
L 2% | a* « sin wl cos wt + abw sin Qt cos "d 
+ abQ sin wt cos Qt + ђе О sin Qt cos QI 
+ 38 (a? sin? ot + 2ab sin wt sin Qt + b? sin? Qt) 
(aw cos wt + bQ cos Qi) 
et 
v? = (aw cos wt — bQ cos Qt) 
n | ао sin wt cos wi — abw sin Qt cos "i 
— ab Q sin wi cos Qt + b*Q sin QI cos QI 
+ 38 (a? sin? wt + 2ab sin wt sin wt + b? sin? Qt) 
(aw cos wi — рО cos Qr). 


a 


En reliant l’, et l, en série, mais de façon à 
avoir ces f. e. en opposition de phases, nous 
aurons finalement dans ce circuit un f. e.: 


2ab« cos wt sin QI 
+ 2abQ sin wt cos Qt 
+ 38 . 4ab sin wt sin QL. aw cos wl 
+ 38 (2a? sin? ot + 2b? sin? Qt) bQ cos Qr, 
| sin (ot + Qt) | 
о) 3 

— віп (wt — Ot)t 


v, — t 200 сов + 2a | 


= ФО cos Qt + даађ sin (wt + QI) À 


ph n sin (ot + 00! 
cos (w — Qr) t 

— cos (w + QI) | 
a? (1 — cos? ot 
+ b: (1 — cos? i! 

(о + Q)sin(w + Q)¢ 
— (о — Q) sin (w — "d 
+ B x A. 


+ 32aw cos оѓ. дар. | 
+ 35bQ cos wl | 


= 9bQ cos Qt + оар 


Nous négligeons les deux derniers termes : ils 
ont des coefficients constants (а bo et а bQ) du 
méme ordre de grandeur que les premiers, mais 
le facteur commun § est beaucoup plus petit que 
le facteura des autres termes. On peut donc les 
négliger, et l'on constate alors que cette f. e. 
contient deux composantes d'amplitude sensible- 
ment égale (wo +Q et w — ©), mais de pulsation 
w — Q et o +Q. 

On dispose donc, en isolant au moyen de filtres 
passe-bas ou passe-haut, soit l'oscillation de pul- 
salionw + Q, soit celle de pulsation o — 9, d'une 
nouvelle oscillation ayant la fréquence cherchée 
correspondant à la pulsation о | © ou © — о. 

La composante en wt s'élimine d'elle-méme, 
étant fort différente des autres (fréquence bien 
plus basse). 

Nous avons fait l'essai expérimental sous la 
forme suivante (fig. 3) : 

L'oscillation о (celle qui sera stabilisée par 
quartz) était donnée par un petit oscillateur à 
lampe O, (20 watts Fotos) dont la longueur 
d'onde était variable pour l'essai et était de quel- 
ques centaines de métres. 

L'oscillation Q provenait d'un autre oscilla- 
teur О, de fréquence plus basse (quelques dizai- 
nes de kilométres) et également variable. 

L'oscillateur O4 couplé au moyen de 2 selfs 
avec les.selfs 1”,, 1”,, introduit ainsi dans јез 
circuiis-grille des lampes L, et L, les f. e. + a sin wt 
et +а sin wi en question. 

Ces circuits de grille comportent également 
deux résistances non inductives R, et R, traver- 
sées par un courant réglable (par des capacités 
non indiquées) fourni par Og. Le sens de con- 
nexion avec celui-ci est tel que les tensions en 
R, et R, soient en opposition de phases (b sin Qt 
et — b sin Qt). Ces résistances sont d'ailleurs 
shuntées par de petites capacités C, et C, servant 
de ponts pour l'oscillation de haute fréquence о. 

Sh,, Sh, et C^, С“, sont les selfs de choc et les 
condensateurs de passage des circuits amenant 
la haute tension, commune aux deux lampes. Le 
circuit de chauffage et la batterie de chauffage 
des filaments, également commune aux deux 
lampes, ne sont pas représentés. 

l, l sont les selfs parcourues par le courant 
de plaques i,, i, et ['7,, l'", sont des зе couplées 


Union Radio Scientifique Internationale 81 


à celles-ci de facon qu'elles deviennent le siége 
de f. e. induites en opposition de phases (v, 
et v,). 

Réunies en série de cette facon, elles sont le 
siège des f. e. v, — v, calculées plus haut et com- 
portant les composantes en о + Q et о — Q. 

L'expérience nous a montré qu'on peut facilc- 
ment et trés nettement isoler l'une des oscilla- 
tions cherchées, par exemple о + о en procédant 
de la facon suivante : 

On accorde d'abord le circuit |,, 1, sur cette 


· 20 watts, 


fréquence au moyen d'un condensateurT relié 
aux deux extrémités cóté plaque de ces selfs. 

De méme on accorde le circuit //",, i", au 
moyen du condensateur Г". 

L'essai a été fait avec deux lampes Fotos 
chauffage normal, tension plaque 
440 volts. 

La théorie fait prévoir qu'il y a avantage à 
négativer les deux lampes. De cette façon, en 
effet, le point de fonctionnement reste entiére- 
ment dans la région à courbures accentuées 


FIG. 1. 
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(région I, fig. 1), ce qui accentue le coefficient a 
de nos calculs et, par suite, l'amplitude des com- 
posantes w + Q et o — 0. 

C'est ce que l'expérience a entiérement con- 
firmé. Il y a avantage à négativer de telle facon 
que les courants de plaque, sans les f. e. induites, 
se réduisent presque à zéro. 

De méme il y a avantage de s'arranger pour 
que les f. e. induites de pulsations о et Q soient 
égales en amplitude. 

Dans ces conditions, et en achevant l'accord 
comme il a été expliqué plus haut sur l'onde 
cherchée (w et 9), on obtient celle-ci avec une 
puissance comparable à celles utilisées pour o 
et 0. | 

А titre d'indication, nous avons fait ce réglage 
en absorbant cette énergie dans une petite am- 
poule à incandescence qui brillait normalement 
pour un couplage assez lâche, à peu prés comme 
c'est le cas pour ces lampes utilisées en oscilla- 
tion simple. 

Voici donc comment on opérera si l'on veut 
construire deux ou plusieurs postes A, B, ... tra- 
vaillant sur « onde unique ». 

L'un des postes, À par exemple, sera un poste 
normal stabilisé par quartz. Supposons, pour 
fixer les idées, X = 800 m., F— 10*. 

En B, on construira, d'une part, un oscilla- 
teur Ow stabilisé également par quartz sur une 
À voisine à 1 % par exemple de celle de A, et, 
d'autre part, un oscillateur Og de fréquence égale 
à celle de À moins celle de O, (dans ce cas 


f=1 % de 10°=10.000.), et l'on appliquera le 


montage et le procédé indiqués plus haut. On 
amplifiera cette puissance jusqu'à la valeur dé- 
sirée. Nous aurons en B le poste demandé. 

En effet, l'oscillation de Oo étant dans le do- 
maine des fréquences basses, on obtiendra faci- 
lement que cette fréquence reste constante à 


quelques cycles-seconde prés (chauffage des fila- 
ments bien constant, haute tension bien sta- 
ble, ...). Les autres fréquences, celle de A et celle 
de O, (oscillateurs stabilisés au quartz), reste- 
ront également constantes à 10 ou 15 cycles 
prés. | | 

On aura donc une égalité permanente entre les 
longueurs d'ondes de ces postes à moins de 10 ou 
15 cycles prés, ce qui est suffisant pour éviter 
tout brouillage entre les deux postes. 

En ce qui concerne la stabilité des À obtenue 
par les quartz piézo-électriques, elle est remar- 
quable. 

À ce sujet, il n'est peut-étre pas sans intérét 
de signaler le résultat d'un de nos essais. Dispo- 
sant de deux quartz dont les fréquences propres 
(environ 2.10°) sont trés voisines, nous avons 
monté des oscillateurs à lampe (deux lampes 
20 Watts Fotos) stabilisés chacun par ces quartz 
el avons observé le son d'interférence obtenu 
aprés détection (son 2,000 environ). Pendant 
toute la durée de l'expérience et quelles que 
soient les variations produites par ailleurs (varia- 
tion de la température du filament, capacité de 
la main ...), nous n'avons pas obtenu de change- 
ment notable (tout au plus 1 ton) dans la hauteur 
du son du battement. Sans aucune précaution, 
et à condition de ne pas faire varier la tempéra- 
ture d'un des quartz, on obtient un son remar- 
quablement stable; surtout quand on songe à 
l'influence considérable des petites variations de 
capacité, de chauffage. etc... sur la longueur 
d'onde dans le domaine de ces hautes fréquences. 

Nous croyons devoir signaler, en terminant, 
que l'idée de cette solution nous est venue à Ја 
lecture d'un tiré à part des « Bell Telephone 
Laboratories » (communiqué de Schilleng et 
Oswald). 


Ce travail a été effectué au laboratoire 
de M. le Profr Verschaffelt, à l'Université de Gand. 
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NOTE AU SUJET. DE CERTAINS DISPOSITIFS 


UTILISES POUR L'ETUDE DE LA PROPAGATION 


DES ONDES RADIO-ELECTRIQUES 


par le Général FERRIÉ. 


Dans ces derniéres années, de curieux phéno- 
mènes de réflexions multiples ont été mis en 
évidence dans la propagation des ondes radio- 
électriques. J'ai fait entreprendre par mes ser- 
vices une étude systématique à ce sujet. Сене 
étude est loin d'étre achevée et les résultats com- 
plets n'en pourront étre publiés que plus tard. 
Cependant ils permettent déjà de confirmer ceux 
qu'ont obtenus les autres expérimentateurs, car 
à 20 kilométres du poste de la Tour Eiffel trans- 
mettant sur 75 métres de longueur d'onde, on 
a mis en évidence des échos arrivant au poste 
récepteur avec des retards atteignant parfois le 
centiéme dc seconde. 

Mais au cours de ces recherches, mes colla- 
borateurs ont été amenés à réaliser certains dis- 
positifs expérimentaux qui semblent intéressants 
et dont la connaissance peut être utile à ceux qui 
s'occupent de recherches relatives à la propa- 
gation des ondes. 

Tout d'abord, pour mettre en évidence les 
différentes réflexions qui peuvent se produire 
sur les hautes couches de l'atmosphére, il est né- 
cessaire de produire des émissions aussi bréves 
que possible. 

Voici le montage réalisé au poste de la Tour 
Eiffel par M. BoNNEMAIRE, ingénieur au Centre 
Radiotélégraphique de Paris. Un tube à néon N 
est alimenté par une batterie E de 200 volts 
environ à travers une résistance R de 4 Q et une 
inductance L de quelques henrys. Une capa- 
cité C réglable, disposée aux bornes du tube, 
détermine la constante de temps du système. Les 
oscillations de relaxation engendrées produisent 


des variations de courant trés brusques qui four- 


nissent au secondaire du transformateur T des 
pointes de tension trés bréves. Ce transforma- 
teur attaque le dispositif de modulation d'un 
poste émetteur radiotélégraphique. En choisis- 


sant convenablement E, L et C, on obtient, 
toutes les secondes environ, un top extrémement 
sec. 

Le meilleur moyen de mettre en évidence 
l'existence de réflexions multiples et d'échos est 
évidemment de disposer au poste récepteur d'un 
galvanométre à indications rapides muni d'un 
enregistrement photographique. Mais ce procédé 
est assez dispendieux et d'un emploi assez long, 


FIG. 1. 


car il ne permet d'étre fixé sur l'existence des 
échos qu'aprés développement des pellicules. Il 
se préte donc mal à une étude continue des phé- 
nomènes. 

MM. Jouausr ‘еі Песаох ont cherché à lui 
substituer un procédé basé sur les propriétés de 
l'audition binauriculaire que nous avions adap- 
tée pendant la guerre à l'écoute des bruits sou- 
terrains et aériens : 

Un transformateur basse fréquence à deux se- 
condaires S, et S, est branché à la sortie de l'am- 
plificateur de réception. Chacun des secondaires 
attaque la grille d'un triode (T, et Tj). Le circuit 


. de plaque de chaque triode se ferme par un 


écouteur (E, et E;) et par une source de courant 
alternatif À à fréquence musicale réglable (en 
pratique un petit oscillateur à lampe). Les deux 
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circuits de plaque sont branchés en sens inverse 
sur la source. Les deux plaques sont donc ali- 
mentées en opposition de phase; lorsque l'une 
est positive, l'autre est négative, de sorte que les 
écouteurs sont en service l'un après l'autre alter- 
nativement. L'appareil fonctionne еп somme 
comme un inverseur périodique. Supposons deux 


signaux trés brefs se succédant avec un inter-. 


=( d 
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FIG. 2. 
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valle de temps égal à la moitié de la période de 
la source A. Si, lorsque le premier signal arrive, 
la plaque de T, est positive, l'écouteur E, seul 
rendra un son; lorsque le second signal arrivera, 
ce sera la plaque de T, qui sera positive et l'écou- 
teur E, seul fonctionnera. L'opérateur ayant un 
écouleur sur chaque oreille aura l'impression 
d'entendre un seul top à la fois dans les deux 


oreilles. Au contraire, un top unique ne serait 
entendu quc par unc oreille. Ce phénoméne est 
net et sensible; en variant la fréquence de Ја 
source, on sent très bien le moment où les pé- 
riodes de la source et des tops deviennent égales. 
De plus si la durée d'un signal unique dépassait 
celle d'une alternance, on aurait également l'im- 
pression de l'audition dans les deux oreilles. On 
possede donc une méthode permettant d'évaluer 
simplement une limite supérieure pour : 1° l'in- 
tervalle de temps séparant deux signaux brefs; 
2° la durée d'un signal. 

Appliquant cette méthode à la détermination 
des échos, on voit qu'en faisant varier la fré- 
quence de la source locale il est possible d'appré- 
cier le temps qui s'écoule entre l'arrivée de 
l'onde directe et de l'onde réfléchie. 

Ce dispositif employé à trés courte distance 
au poste de la Tour Eiffel a permis, d'autre part, 
d'apprécier la durée des émissions bréves pro- 
duites par le premier dispositif signalé plus haut, 
et de constater que cette durée était inférieure 
au 1/10.000* de seconde. 

Ce dispositif permettrait donc l'étude simul- 
tanée des phénomènes d’écho par de nombreux 
expérimentateurs, lc matériel mis en œuvre 
étant absolument courant, facile à monter et trés 
simple à manipuler. Bien que les résultats obte- 
nus soient forcément moins précis et moins 
complets qu'avec un enregistrement, la multi- 
plicité des observations fournirait probablement 
des indications précieuses sur l'allure des phé- 


nomènes. 
3 septembre 1928. 


EXPERIMENTS IN RECORDING RADIO SIGNAL INTENSITY. 
by L. W. AUSTIN. 


Laboratory for Special Radio Transmission Research -Bureau of Standards. 


It was originally thought that daylight obser- 
vations represented normal radio transmission, 
while night observations showed the normal 
transmission disturbed by reflection effects the 
study of which might be properly neglected until 
the simpler daylight conditions were better un- 
derstood. In recent vears, however, it has become 
increasingly evident that daylight and night 
transmission phenomena are so interconnected 


that there can be no clear understanding of the 
first without considering the second. Therefore, 
as our laboratory personnel was too limited to 
permit night watches, it was decided to try auto- 
matic recording. Our apparatus has been de- 
scribed by my assistant, Mr. Judson, in another 
place (*). It consisted briefly of an autodyne 


че 


(*) Proc. I. ћ. E., vol. XVI, р. 666, 1928. 
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detector such as we have long used for daylight 
measurements by the telephone comparator 
method (*) and several stages of audio fre- 
quency amplification. The last audio frequency 
stage is coupled inductively to a tube rectifier 
circuit containing the Cambridge recorder, wich 
prints the deflections on a revolving drum every 
half minute. By means of a clock relay, descri- 
bed in Mr. Judson's article, different stations 
can be tuned in or the circuit can be connected 
to different signal collector systems as may be 
necessary for the different records desired. 

Automatic recording has some bad as well as 
good features. While it gives easily a vast 
number of series of observations, it is somewhat 
limited in its accuracy and dependability as 
compared with the work of personal observers. 
For example, unknown disturbances may at 
times intrude themselves and not be detected, 
and accidents may happen to the apparatus ren- 
dering a whole night's work useless. 

Unt! the time comes when special transmit- 
ting stalions are operated purely for experimen- 
tal purposes, continuous records, continued day 
afler day for months at a time, can evidently be 
made only on regular traffic from commercial 
transmitting stations. This, of course, rules out 
all extended experiments depending on special 
signals. Commercial stations are more or less 
irregular, seldom sending much on Saturday 
nights or on Sundays, and sometimes closing 
down entirely for considerable periods. 

The particular system of recording which we 
have adopted has certain good points which des- 
erve mention. By using only audio-frequency 
amplification a very good degree of constancy 
of calibration can be obtained over periods of 
many months. If the filament currents of the 
amplifier are kept constant within +1.5 per cent 
and the plate voltages with about = 10 per cent, 
the changes in sensitivity will not be greater 
than = 10 per cent which is about the limit of 
accuracy in measuring absolute signal intensity 
from commercial sending. 

Another convenient fact is found to be that 


it is quite possible with this type of recorder to 
get a nearly linear relationship between the 


(*) Proc. I. R E., vol. XXII, p. 521, 1924. 


antenna voltage and the recorder deflection over 
most of the scale. 

It is also found that when interference, either 
from atmospherics or from stations, is less in 
intensity than the signal being measured, the 
two effects do not superpose on the recorder, i.e., 
the rectifier responds only to the stronger of two 
signals. lt is only when the two signals or 
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disturbances are nearly equal, that is, differing 
less than about 15 %, that a certain amount of 
superposition occurs. 

Some of the work which is being done by 
means of automatic recording is described 
below. 


Reception Variation. -— The recorder was first 
used for registering the general changes in long 
wave signal intensity during the day and night. 
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In the beginning an attempt was made to mea- 
sure a large number of stations, observing each 
station for five minutes in every hour. Curves 
of this kind were shown in Mr. Judson's paper 
already cited. While this method was fairly 
satisfactory, at least with distant stations, it was 
soon decided that, on account of the rapid 
changes in intensity, more frequent observations 
on each station were desirable. In recording 
the transoceanic long wave stations, with which 
our work largely deals, it was found, especially 
in the cases of stations at distances of less than 
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1000 km, that the sequences of change in inten- 
sity showed very great variability on different 
nights. The degree of this variability may be 
scen in the collection of curves in figure 1. 
In this figure the curves are made up from 
series of ten recorder points taken each half 
minute with five minute intervals after cach 
series. In considering the variability of the 
curves without going into the possible causes of 
variations, we see at once that curves taken on 
single nights, or even on a considerable number 
of nights, would have very little value for pur- 
poses of generalization. It was thought at first 
that there were more or less periodic cycles of 
night change, the same patterns of change 
repeating themselves every two or three weeks, 
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but we are now doubtful as to the existence of 
such cycles, apart from the possible effects of 


magnetic and solar disturbances. 


Figure2 shows the differences which may exist 
in the night changes in signals of somewhat 
different wave length coming along the same 
path at the same time. The two stations, WC] 
(, = 16850 m.) and МСС 0 = 18500 m.), are both 
at Tuckerton, N. J., 251 km. from Washington, 
WCI transmitting from an umbrella antenna 
while WGG makes use of a flat top antenna. It 
is not believed, however, that the differences 
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observed are produced by the antenna forms as 
similar differences are also found in other pairs 
of stations both using flat top antennas. 

In the case of transmission over distances short 
enough to make the ground wave comparable 
in intensity with the downcoming wave, it must 
be remembered that the phase relation between 
the two, i. e., the difference in length of their 
paths, is probably the chief factor in determi- 
ning whether the signals intensities at night rise 
above or fall below their daylight values. This 
fact must be remembered in making use of the 
night signals from stations with strong ground 
waves for the study of the correlation of radio 
iransmission with other natural phenomena. 

lt is generally believed that below the Ken- 
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nelly-Heaviside layer there is a region of suffi- 
ciently great ionization to produce absorption in 
the downcoming wave, certainly in the day time 
. and perhaps, in a lesser degree, at night. The 
relative importance of reflection or refraction in 
the Kennelly-Heaviside layer, and absorption in 
the absorbing layer in affecting signal intensity 
is not yet by any means clear, the absorption 
probably being morc important in the day time, 
and the changes in reflection at night. 


Measurement of Downcoming Wave Angle. — 
Another use for the automatic recorder is the 
continuous determination of the angle with the 
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horizontal at which the downcoming wave 
reaches the receiving station. А method for 
calculating this from observations made on a 
vertical antenna and on a loop has ђееп given 
by Appleton and Barnett (*). 

In the following explanation, for the sake of 
the clearness of the physical picture, the electric 
field is considered both in the case of the antenna 
and of the loop, instead of considering the ејсс- 
tric field in the case of the antenna and the 
magnetic field in the case of the loop, as in the 
paper by Appleton and Barnett. 

Suppose the case of a radio wave passing along 
the ground with its electric force E; vertical and 
a reflected or refracted wave from the same 
source coming down from the Kennelly-Heavi- 
side layer at an angle Ф with the horizontal and 
with its electric force E, at right angles to the 
direction of propagation and in the propagation 
plane. Ер on account of the difference in length 
of the two paths will, in general, be out of phase 

with Eg. 


(*) Royal Soc. Proc. (A), vol. CIX, p. 621, 1925. 


From figure 3A, it is seen that the down- 
coming wave E, before and after reflection from 
the earth will have its vertical components Eq 
cos and E,, cos Ф in phase but its horizontal 
components EK, sin Ф and En, sin Ф in opposite 
phase, so as to neutralize each other, if the carth 
is a perfect conductor, which is generally appro- 
ximately the case for very long waves. The 
resultant e. m. f., therefore, as measured on an 
antenna will be practically vertical and will Le 
2E Ah cos Ф when h is the effective height of the 
antenna. 

Different conditions prevail in the case of 
reception on a vertical loop with its plane in the 
plane of propagation, as has been -show by 
Appleton and Barnett in the paper cited. The 
loop current may be looked upon as due to the 
difference in phase of the wave where it enters 
the loop and where it leaves it, the resultant 
electromotive force being independent of the 
angle at which it strikes the loop and equal to 
E, z2nh " where E, is the field strength, À 
the distance from the front to the back of the 
loop in the direction of propagation, nh'l the 
arca turns of the loop, and 2z : the difference in 
phase of the wave at the points of entering and 


F1G. 3 D. 


leaving the loop. As the phase of the horizontal 
component will be shifted 180° by reflection and 
as the reflected wave now passes the loop from 
below (see fig. 3B) the resulting e.m.f. produced 
in the loop by the reflected wave will be in the 
same direction as that due to the direct wave 
and the sum of the two e. m. fs will be 4 
E, nh’ 2 If we assume no abnormal polari- 
zation in the downcoming wave and that the 
field due to the downcoming wave is negligible 
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in comparison with the ground wave in the day- The ratio of the night and day difference of 
time, and that the latter remains of the same the field intensities of the antenna and loop is 
intensity by night as by day, we may determine ОКЕ, cus ® 

the angle of the downcoming wave as follows: "ORE o Ф 


having observed the average day field intensity 
(ground wave alone) Eg, which will be the same 
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where Ф is the angle which the direction of the 
downcoming wave makes with the horizontal, 
and K a factor depending on the integral phase 
difference between E, and Eg. 

The accuracy of this result will be vitiated to 
the extent that reflection takes part in day trans- 
mission and to the extent that the ground wave 
varies between night and day. 

Figure 4 shows the great differences which are 
found in the loop and antenna reception patterns 
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for tl t d! Don И wave. The reception shown in the figure is 
| E: | | 
оя en e average from WSS at Rocky Point, L. I., the distance 


night field intensities on the antenna and loop, 
which will, in general, be different, we have, 
calling the resultant antenna field intensity E 
and the loop field intensity E’ 


from Washington being 435 km, and the wave 
length 16100 m. Since the curves of the indivi- 
dual days are so varied in form, an attempt has 
been made to use averages covering a month 

Antenna Loop | for determining the mean values of the down- 
Ep (day) = Ко E; (day) = Eg coming wave angles at the various times of the 
night. It has not been found possible to deter- 
mine the angle of the downcoming waves in the 
middle of the day, although these waves almost 
certainly exist, at least in winter, as is shown by 
Ex — Eg = 2КЕң со Ф | ES — Ер = 2KEg the fact that the signals sometimes reach two or 


E, (night) = EG + КЕ cos b; EX (night) = Fc + 2KEg 
The differences in night and day field inten- 
sities is them | 
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three times their calculated values. Their pre- 
sence has also been indicated by the work of 
Hollingworth (*). 

Figure 5 shows the curves of the mean values 
of the angle for the hours between 4 p. m. and 
10 a. m. for the station WSS in the months of 
December 1927 and February 1928. The two 
curves show a rapid rise in angle about sunset, 
an irregular course during the night, a fall 
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followed by a rise about sunrise, and a rapid 
fall to low values an hour or two later. 


Attempted Determination of the Height of the 
Kennelly-Heaviside Layer. — If it were possible 
to assume that the downcoming wave is the 
result of regular reflection from a plane surface 
we could at once calculate the height of the 
reflecting layer since the distance between the 
sending and receiving stations is known. Fi- 
cure 6 shows the average heights for the various 
hours of the night, for the station WSS during 
the month of February 1928, as calculated 
from the downcoming wave angles in figure 5. 
Figure 6 indicates a rapid rise in the height of 
the layer near the time of sunset, with irregular 
changes during the night and a fall after sun- 


(*) Journal 1. E. E., London, vol. LXIV, p. 579, 1926, 


nem 


rise, corresponding to the changes of angle in 
figure 5. This is probably qualitatively correct, 
but an actual change in height from 50 to 
500 km., as indicated in figure 6, would neces- 
sarily result in the intensity of the signal passing 
through a number of maxima and minima due 
to the interference of the ground and down- 


ANTENNA AND LOOP MARY TOGETHER. 


GROUND WAVE ALONE OR VERY LOW 
ANGLE DOWNCOMING WAVE. 


LOOP INCREASES MORE THAN 
ANTENNA. @< 90°. E, АМО Срсоз Ф 
IN PHASE 


BOTH DECREASE. LOOP MORE 
THAN ANTENNA. Ф< 90" 

Ес AND Ee cos € IN OPPOSITE 
PHASE 


ANTENNA INCREASES. ( COP 
DECREASES. d» 90°, Fc AWO 
£a cos Ф IN PHASE BUT PASS LOOP 
IN OPPOSITE DIRECTIONS 


ANTENNA DECREASES. LOOP 
INCREASES. Ф> 90° Eg AND 
Encos Ф IN OFFOSITE PHASE ВОР 
PASS LOOP IN OPPOSITE 

OIREC TIONS 


ANTENNA INCREASES. LOOP 
REMAINS THE ЗАМЕ. Iwo 
OOWNCOMING WAVES En -Eh 

Ф с 90° Ec AND £,cos D IN PHASE 
Ф > 90° Eç AND Egcos © N 
OPPOSITE PHASE 


OTHER POSSIBLE COMBINATIONS OF TWO OR MORE DOWNCOMING 
WAVES MIGHT BE SHOWN. 


FIG. 7. 


coming waves. These maxima and minima do 
not appear on the records of the recorder. If 
we consider the indicated height records of the 
individual nights, the heights calculated are 
seemingly preposterous, sometimes exceeding 
2000 km. 

In the examination of the individual daily 
curves of the loop and antenna reception from 
which figure 5 is derived, we find that the 
calculated angles of the downcoming waves are 
not only nearly always very high, but in many 
cases appear to be greater than 90^, that is, the 
wave comes down from the back. These obser- 
vations may be explained, either by supposing 
that the downcoming wave is produced by 
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reflection from a rough surface or perhaps from 
irregular ionized cloudlike masses, or by refrac- 
tion in a medium of very irregularly distributed 
ionization. | | 


Nature of the Fields. — It may be of interest to 
study briefly the variations in the downcoming 
wave which would produce the changes on the 
antenna and loop which the observations indi- 
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cate. This may be done with the help of the 
diagrams of figure 7. In these the antenna and 
loop are shown with the vertical and horizontal 
components of the electric fields acting on them. 
Here E, represents the field of the ground wave 
assumed to be constant day and night, Eg cos Ф 
the vertical component of the field of the down- 
coming wave, and E, sin Ф the horizontal com- 
ponent of the field of the downcoming wave. 


We assume that the vertical antenna is affected 
only by the vertical electric fields, E; and Eg 
cos Ф, while the loop with its plane in the plane 
of propagation is affected by the total field of 
each wave regardless of its vertical angle. The 
effects of the reflection from the earth have been 
already explained in the discussion of the cal- 
culation of the angle of the downcoming wave, 
and it should be remembered that two waves 
passing across the loop in opposite directions 
produce loop currents in opposite directions. 

For simplicity, in the diagrams of figure 7 Eg 
and Еб are considered either to be in phase or 
in opposite phase. The legends placed beside 
the diagrams will probably furnish sufficient 
explanations of the combinations of electric 
fields and the resulting changes in the antenna 
and loop signal intensity. All of the cases of 
change in antenna and loop signal intensities 
given have been identified in our records. 


Long Wave Night Signals and Magnetic 
Storms. — The continuous records of the long 
wave signals promise more complete informa- 
tion concerning the relation of magnetic storms 
to the variations in radio transmission at these 
wave lengths than it has been possible to obtain 
from the daylight observations, which were the 
only ones taken regularly at the Bureau of Stan- 
dards before the introduction of the recorder. 

Some records taken on signals from the R.C.A. 
station WCI at Tuckerton, N. J., wave length 
16750 m., in July 1928, are shown in figure 8. 
These include the period of the unusually severe 
magnetic storm of the night of July 7-8 and 
show apparently unmistakable evidence of the 
effects of this storm on the transmission. As no 
record was obtained at the Bureau of Standards 
on the night of the storm, Mr. G. W. Pickard 
has kindly permitted me to use one taken by 
him at Newton Center, Mass., where the curves 
of WCI generally agree closely in behavior with 
those taken in Washington. This curve is 
shown as a dotted line in the figure. It will be 
noted that if we compare the average curve of 
the three days before the storm, which we believe 
represents normal comparatively undisturbed 
summer conditions, with the curve of the night 
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of the storm and those of the nights which 
follow, the storm appears to have caused an 
inversion of the general night trend, changing 
the slight normal drop during the night to a 
considerable rise. During the hours of the 


continuation of the storm, from 6:30 P.M. on 


the 7 to 6 A. M. on the 81, the night curve is 
not only in general much higher than usual but 
very much disturbed. On the succeeding nights 
the irregularities of propagation gradually be- 
came less until on the night of the 12-13" 
almost normal conditions had returned. Simi- 
Tar effects have been observed in the case of two 
other major magnetic storms on the signals of 
МУСЕ, and irregularities have often been detected 
due to the minor storms noted as N? 1 davs in the 
magnetic reports. 

WCI appears to be particularly suited in wave 
length and in distance from Washinglon for 
showing the effects of magnetic disturbances 
in the night signals. Some of the other R.C.A. 
stations in New Jersey and on Long Island show 
these effects much less. These differences in 
behavior are perhaps to be expected when we 
remember that the increase or decrease of the 
night signal depends so much on the phase rela- 
tions of the ground and downcoming waves. 


Unidirectional System. .— Automatic гесог- 
ding is also applicable to a method of reception 


which was first introduced by Appleton and . 


Ratcliffe (*), for the study of downcoming waves 
and which was independently used for the same 
purpose a little later at the Bureau of Standards. 

In this method the well known combination 
of a loop with a vertical antenna for the elimi- 
nation of signals from a given direction is 
employed, in which the strength of reception 
from different directions in the horizontal plane 
takes the form of a cardioid. 

This circuit, often called the barrage circuit in 
America, has long been used for the elimation 
of undesired signals and for the reduction of 
atmospherics. The circuit arrangement is shown 
in figure 9. Here the loop is turned on its ver- 
tical axis so that its plane is in the plane of pro- 


(*) Proc. Roy. Soc. (A), vol. CXV, p. 291, 1927. 


pagation, but is so coupled to the antenna that 


the reception from the given direction on the 
loop opposes that on the antenna. Then the 


strength of coupling L L' is adjusted so that in 
the middle of the day, when it is supposed that 
only the vertical ground wave is present, the 
two receptions balance and no deflection is 
shown on the recorder. If these conditions are 
fulfilled, the system is balanced for all vertical 
fields of the given frequency from the given 
direction for which the adjustment was made. 
If, however, as sunset approaches, or during the 
night, downcoming waves appear, their hori- 
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zontal components of field will destroy the 
balance and deflections will be produced. 

Calling E, the electric component of the field 
due to the ground wave and E, that due to the 
downcoming wave, the effect of the antenna on 
the receiver is proportional to E; + КЕ, cos Ф, 
and of the loop E; - КЕ, as was shown in the 
discussion of the angle of the downcoming 
wave. Since the loop and antenna are adjusted 
so as to produce equal and opposite effects on 
the receiver in the case of the reception of the 
ground wave, the resultant effect on the receiver 
when downcoming waves occur is 


E = A (E; + KE» — E; — KE, cos Ф) 


= AKER (1 — cos Ф) = 2AKEg in. 


The advantage of this svstem over that in 
which the antenna and loop are used separately 
is that here we are able to study the downcoming 
wave free from the ground wave although modi- 
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fied by K, the factor due to the phase difference 
between Eg; and Eg. 

Figure 10 shows two curves of reception of the 
R.C.A. station WRT (À = 18200 m.) at New Brun- 
swick, N. J. as recorded in Washington on the 
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night of April 2-8, 1928. The solid curve repre- 
sents reception on the loop and the dotted curve 
that on the unidirectional system. The sensi- 
tivity of the unidirectional system is about four 
times that of the loop. It will be noticed that 


FURTHER STUDY OF THE RELATION 


the variations in the two curves generally, but 
not always, follow each other. 


Our knowledge of the conditions in the upper 
atmosphere which affect the radio waves as they 


pass through it to the receiving station is still 


very fragmentary. 

The impression which is gathered from the 
large number of records of reception at wave 
lengths above 10,000 m., taken by the automatic 
recorder, does not by any means support the 
view that the bending of the waves in the upper 
regions is due to any approximately regular 
reflection or refraction. 

The somewhat confused picture which we 


. have gained is rather that of rapidly changing 


masses of ionized gas forming an extremely 
irregular and shifting lower surface if we are 
dealing with reflection and possibly with open- 
ings through which the rays may pass at times 
to higher levels before being turned back toward 
the earth. 


OF RADIO WAVE PROPAGATION 


TO DISTURBANCES IN TERRESTRIAL MAGNETISM 


by I. J. WYMORE. 


That a relationship exists between the propa- 
gation of radio waves on the one hand and 
disturbances in terrestrial magnetism and varia- 
tions in the activity of the sun, on the other, 
now seems reasonably certain. This has been 
clearly shown when the observations are ave- 
raged in periods of a month or more (7). 

Observations taken at night show a peculiar 
reversal in the relationship between radio trans- 
mission and solar and magnetic phenomena and 
those taken during daylight. Increase in solar 
activity and magnetic disturbances appears to 

(1) ESPENSCHIED, ANDERSON ET BAILEY, Proc. I. R. E., vol. XIV, 
p. 7, 1926. 

2) G. W. PICKARD, Proc. I. R. E., vol. XV, n° 


) 
3) Ip. Ibid. vol. XV, n° 9, p. 749, 1927. 
) In. Ibid. vol. XV, n° 12, p. 1004, 1927. 


9, p. 83, 1927 


L. W. AUSTIN, Proc. I. R. EÈ., 


) vol. XV, по 10, p. 825, 1927. 
6) Ip. and I. J. 

66 

) 


WYMORE, Proc. I. R. E., vol. XVI, n° 2, 
, 1928. 
? C. N. ANDERSON, Proc. I. R. E., vol. XVI, n? 3, p. 297, 1928. 


· time, but to cause a decrease at night. 


increase the radio signal strength in the дау- 
Short 
period comparisons have been made by several 
observers, making use of simple averages of a 
few days, 27-day periodic averages and moving 
averages. These, while they frequently show а 
very satisfactory degree of correlation over con- 
siderable periods, at times get out of step. In 


‘some cases the radio changes appear to lead, 


while in other cases they gradually lag behind 
the corresponding solar or magnetic variations. 

In the present paper a study has been made 
of the relationship of long-wave radio reception 
to measures of magnetic activity over short 
periods. The well known method employed has 
been also used by Mr. Pickard for similar com- 
parisons in the broadcast range. 


The field intensity measurements employed 


are those made on the distant stations Lafayette 
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(LY), Ste-Assise (FT and FU), Nauen (AGS and 
AGW), Rugby (ОВЕ), Coltano (ICC), and Boli- 
nas (KET) taken from 10:00 A. M. at the Bureau 
of Standards and those on stations less than 
900 km distant, at Tuckerton (WGG), New 
Brunswick (WRT, МУП), and Rocky Point (WSS) 
at 10:00 A. M. and 3:00 P. M. The field inten- 
sity of long radio waves is known to be less 
influenced by magnetic storms than those in 
the broadcast range. For this reason, only the 
more severe disturbances, that is, only days 
when the magnetic character was reported as 
2 at Cheltenham Ind. were considered as magne- 
tically disturbed days in the calculations. Ave- 
rages were made of the signal strength of the 
corresponding days covering a period of eleven 
days centering on the day of the disturbance. 

The following table gives the dates of the 
magnetic storms considered in the calculations. 


1925 1926 1927 


January. . 19-20 January. . 26-27 March... 28 


June. . .. 13 February . 23-24 April... 14 
June. ... 24 March... 5 May. ... 5 
July. Ses 20 April ... 14-16 July. . .. 21-92 
August .. 22-23 May.... 4-5 August... 20-21 
September 1-2 June... 1-2 October. . 10 
September 14-15 September 9 October. . 12 
September 921 September 19 October. . 29-23 
October. . 23-24 September 20-21 

November 9 October. . 14 16 


Figure 1 shows the percentage deviations from 
the A. M. monthly averages of the long-wave 
European stations (LY, FU, AGW and GBR) 
during the time of greatly increased activity of 
the sun in 1925, 1926 and 1927. The trend of 
the curves before the zero day of the storm 
varies somewhat in the three years although in 
general il tends to lie below average. The most 
striking similarity is in the high values on all 
the curves on the second day after the peak of 
the storm. That this cffect is definitely related 
to the magnetic disturbance is further evidenced 
by the behavior of the signals at the time of one 
especially severe storm, that of October 12, 1927 
(fig. 2). Intensities well above normal were ob- 
served on October 12 and October 14 but on the 
latter date the intensity was so greatly increased 
that in some cases it was over 200 % above the 


Percentage Üeviohon 


Percentage Deviation Signe/ 


POCKY POINT (WSS) AND 
HORIZONTAL INTENSITY (Panes) 


ДА ДАЉОЈ 
bci 


EN 
p. 


SIGNAL DEVIATIONS FROM 
MONTHLY AVERAGE AT THE 
TIPE OF THE MAGNETIC STORN 
OF OCTOBER 12, 1927 
4v---, NET AGS 


4 
|| 
Y 


Tramm sq. 
pode fl Le TT | | | | 


LLL LI IL LLLLILLIE 


HINT | 
OA Te ToT 
y fey | || || ||| 
mace. 


IRURE SERE EUR EU 
ТИ A TL TITI TI TE 
m ДР o -———— 

E 1*1. 1.11) 


/9 


ae 
2/ 


40 


100 Union Radio Scientifique Internationale 


AVERAGE DAYLIGHT SIGNAL - 
(FT AGS МЕТ /CC) DURING THE 
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average value for the month. This increase in 
signal strength is too great to be a recovery from 
an abnormal condition before the storm and so 
must represent some real effect of the condition 


productive of the magnetic disturbance. 

In figure 3, A. M. averages of AGS, FT, KET 
and ICC are given for the same years. The 
same general tendency is noted in these curves 
with the exception of 1925, whicli shows high 
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values on both the fourth and fifth days after 
the storm. 

Curves of averages of field intensities of Ame- 
rican stations at moderate distances (WII, WGG, 
WRT and WSS) have somewhat different char- 
acteristics from those of European stations. 
Averages of these signals for the years 1925, 
1926, 1927 are shown in figure 4. These show 
in general a depression of signal strength below 
normal on the day of the storm preceded three 
days before by a considerable rise in signal in- 
lensity and followed tliree days after by another 
increase. Curve 1 of figure 4 is an average of 
WII and WGG, both А. M. and P. M., 1925; 
of WII, WGG and WSS, A. M. and 


curve 9 


ba 4 


Union Radio Scientifique Internationale 104 


e = 


P. M. Гог 1926, and curve 3 an average of WII, 
WGG, WRT and WSS, A. M. only for 1927. 

As a check on the foregoing results, averages 
were made of the magnetic horizontal range 
covering the same period of time (11 days) but 
centering on the day the signal intensity rose 
25 % or more above the average of the month. 
In figure 5 these averages are shown for WSS 
1996. As would. be expected from the fore- 
going results, high values of horizontal intensity 
(range) occurred three days before and two to 
three davs after the signal peak. 


From the foregoing analysis it is evident that 
during periods of magnetic storms the behavior 
of long wave day-light signals tends to be as 
follows : 


1. Over long distances : 

Intensity below normal for several days (0-5) 
before the disturbance followed by a definite 
increase in strength one to three days after the 
storm. 

2. Over moderate distance : 

An increase above average in signal strength 
two to four days before the magnetic distur- 
bance with values below normal during the 
height of the storm followed by a strong in- 
crease in intensity two to four days after the 
storm. 

This work was done under the direction of 
Dr. L. W. Austin at the Laboratory of Special 
Radio Transmission Research, Bureau of Stan- 


dards. The observations used were made by 
Mr. E. B. Judson. July 23, 1928. 


READABILITY OF LONG DISTANCE RADIO COMMUNICATIONS 


by T. NAKAGAMI and C. ANAZAWA. 


Department of Communications, Japan. 


The observations of the long distance radio 
communications were made for many years in 
Japan, but they werc not carried on through- 
out 24 hours continuously owing to the various 
circumstances. 

Since last year many chances for the conti- 
nuous whole day test were offered and the au- 
thors should like to communicate the results of 
these for the benefit of further investigations. 

The readability curves of the trans-conti- 
nental communications are shown in the fi- 
gures 1, 2 and 3. 

The figure 1 is the result of the receiving test 
carried out in Japan of the beam station of 
England. It was reported that the GLX beam 
was directed to Japan and the GLY directed in 
the opposite direction. The reception was made 
al the four receiving stations and their results 
are nearly the same with respect to the readable 
hours. These curves show the fact that both 
the GLX and the GLY are subject to substantially 
the same diurnal variation. The condition with 
regard to the day-time and night-time through- 
out the path of the wave is indicaled beneath 
the curve. The space between the abscissa J. 


S. T. and 6. M.T. is the condition between Japan 
and Europe via Siberia while the space between 
С.М.Т. and J.S. T. is the condition between 
Japan and Europe via thc opposite direction. 
The shaded space indicates the night-time and 
the unshaded space, the day-time. 

The readability is the maximum when the 
day-time or the night-time prevails over the 
shortest path between Japan and Europe and 
drops to nil by the encroachment of the sunset 
in Japan and the sunrise in Europe. The un- 
readable hours of GLY are longer than those 
of GLX. | 

The receiving set used in these tests consisted 
of one oscillator-detector and two audio am- 
plifiers. 

Figure 2 represents the readability of the long 
wave of the Nauen station at Nagoya in Japan 
throughout 24 hours in March and the figure 8 
is that of May, 1928. | 

In March the readability is maximum when 
the night-time prevails throughout the path. 
In May there is no time when the night-time 
prevails throughout the path and therefore the 
maximum readability occurs when the path is 
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half covered by the night-time, and this maxi- ling tendency at the sunrise of the receiving 
mum is not so good as that of March. In both station. For these tests the Telefunken long 
curves the readability falls to the minimum at wave receiving set with double goniometer an- 
the time when the path is covered by the day- (еппае was employed. 

time. РЕНЕ the signal intensity has the fal- The figures 4, 5 and 6 are the readability 
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curves of the Japanese short wave station, the 
receplion having been made at Chelmsford and 
somerton in England. The 42 metres wave is 
heard only when the path is covered by the 
night-time, and the 24 metres wave has the rca- 
dability curve similar to that of GLX received 
in Japan. Тһе 16 metres wave is unheard only 


a few hours in a day, the course of which is not: 


| | 
| | 
ДАМ ВЕЋ је 


clear and therefore further experiments inust be 
made on this short wave band. 

The readability curves of the Trans-Pacific 
communications are shown in the figures 7 to11. 

The figure 7 is the average result of the tests 
of the Tomioka (JAN) received at Marshall, 
Calif., during, April 2-17, 1928 on 41 metres. 
The signals rise to the maximum when the Paci- 
fic is covered by the night-time and drops to 
zero when it is covered by the day-time. When 
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the night-time covers a part of the Pacific, the 
intensity rises in proportion to the width of the 
darkness throughout the path. The readable 
hours of the 24 metres are much broader than 
those of 41 metres (sce fig. 8), but the maxi- 
mum readability occurs again when the Pacific 
is covered by the night-time and drops to the 
minimum when the day-time covers the Pacific. 
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The figure 9 shows the result of the 24 hour 
test of the Bolinas station received at Iwatsuki 
Тарап on 29, 3 metres. The shape of the curve 
resembles that of the figure 8, although the 
direction of the propagation is contrary to that 
of the above tests. 

The readability for the 16 meires, however, 
is quite different and the averages result of the 
test is shown in the figure 10. The maximum 
readability occurs when the sunsel approaches 
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the receiving station and drops to the minimum 
when the Pacific is covered by the night-time; 
when the Pacific is covered by the day-time the 
readability does not reach the maximum but 
it continues in the steady readable conditions. 

The figure 11 is. the average result of all day 
tests across the Pacific on long waves transmit- 
ted from Iwaki, Japan, and received at Marshall, 


Calif. The full line curve is that of the arc 
transmitter and the dotted line curve is that of 
the arc transmitter. The generator feeds the 
antenna at 450 amperes and the arc at 200 am- 
peres. The readability for both transmitters 
falls three times between the sun rise of the 
transmitting and the receiving station; the arc 
being weaker drops to zero at these periods. 


SOME OBSERVATIONS OF SHORT-PERIOD RADIO FADING (*) 


by T. PARKINSON, 


Associate Physicist (Bureau of Standards). 


SUMMARY. — The data presented are the pro- 
duct of an investigation started at the beginning 
of 1928 with the object of studying the short- 
period fading of radio broadcast transmissions. 
Particular attention was paid to those intensity 
changes which take place during periods ran- 
ging from a few seconds to several minutes. 
Various antenna combinations were used in ma- 
king simultaneous records in order to separate 
the effects of various causes of fading. 

It was concluded that in addition to the more 
commonly accepted causes there may be a num- 
ber of indirect rays with varying paths and with 
rolating planes of polarization which give rise 
to the variations in intensity of the received 
signal. Some of the cónclusions are consistent 
with those of other workers in the field but new 
explanations are necessary for some of the data. 


Introduction. The data presented in this 
paper are the product of an investigation started 
by the Bureau of Standards at the beginning of 
1928 with the object of studying the short- 
period fading of radio broadcast transmissions. 
This study was directed particularly to those in- 
tensity changes in the receiving antenna which 
range, in period, from a few seconds to several 
minutes between peaks. These variations have 
been variously ascribed by previous investiga- 
tors to one or more of the following causes: 


(*) Publication approved by the Director of the Bureau of 
Standards of the U. S. Department of Commerce. 


1° intensity changes undergone by the indirect 
or atmospheric ray, namely, that portion of the 
radiation which, at night especially, travels to 
the upper atmosphere and is returned to earth 
at the receiving antenna by reflection or refrac- 
tion; 2° interference, due to varying phase rela- 
tionships of two or more indirect rays or of an 
indirect ray and the ground ray, which follows 
a direct path along the surface of the earth from 
the transmitting to receiving antenna; 3° direc- 
tion shifts, this expression being used to con- 
note deviations of the indirect ray from the 
great-circle plane passing through transmitting 
and receiving points; 4? changes in the angle 
of incidence, that is, in the vertical plane of 
arrival of the indirect ray; 5° rotation of plane 
of polarization of the atmospheric ray, this rota- 
tion being considered as a continuous process 
rather than in the optical sense of a definite 
displacement of the plane at completion of the 
process. ‘The aim of the present investigation 
was first of all to separate the effects due to the 
above-mentioned causes with a view to deter- 
mining to what extent each might be a factor 
in fading. 

The method consisted in selecting a parti- 
cular broadcasting station and making simul- 
taneous graphic records of its carrier wave as 
received by different types of antennas attached 
to duplicate receiving scts. The antennas used 
were: 1° a vertical single-wire 15 meters high 
with a 2-meter horizontal lead-in; 2° a vertical 
coil having ils turns in the great-circle plane 
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common to transmitting and receiving points, 


which coil will hereafter be referred to as « at 
maximum », or « in the maximum posilion »; 
3^ a vertical coil perpendicular До the above, 
and hereafter to be designated as « at mini- 
mum », Or « in the minimum position »; 4? a 
so-called barrage antenna, consisting of the 
single-wire antenna so coupled to a coil antenna 
in the maximum position as to introduce an 
out-of-phase current and thus neutralize the 
effect of the ground ray as well as of the ver- 
, ical component of the indirect ray. The coil 
antennas were so balanced by a center tap ar- 
rangement as to eliminate any appreciable « ап- 
tenna effect ». For all tests the various anten- 
nas were located from three to five meters apart. 
These distances were sufficiently small so that 
records obtained simultaneously with similar 
antennas were alike, and were sufficiently large 
to prevent interaction between the separate re- 
ceiving circuits. АП observations were made 
at the Bureau of Standards field station located 
at Kensington, Maryland, 8 kilometers north of 
the Bureau and in a position practically free 
from man-made interference and distorting in- 
fluences. 


Other apparatus employed was essentially that 
described by С. W. Pickard (’) (*) in 1928 and 
used later in the cooperative investigation con- 
ducted by the Bureau of Standards in 1925 (^). 
The receiving sets were superheterodynes of the 
same make and were capable of adjustment to 
practically the same amplification. The driving 
motors of the Shaw manual recorders were aulo- 
matically synchronized every second, thus ma- 
king it possible to compare two records by 
superposition. 

Observations were concentrated largely upon 
two stations, but less frequent records were 
made on transmissions from other stations in- 
volving frequencies of 550 to 1,480 kilocycles 
and direct transmission paths of 13 to 1,500 kilo- 
meters. The greater number of records were 
made upon WJZ, Boundbrook, N. J., and upon 
WBAL, Baltimore, Md., because of the regu- 
larity with which each could be received, day 
or night, and because of what appeared to be 


(*) See page 118, 


characteristic features. Many of the observa- 
tions started during daylight when there was 
no appreciable indication of an indirect ray, and 
when consequently the most accurate bearings 
could be secured with the coil antennas. At 
this time, also the two receiving systems could 
be so adjusted that the ground wave produced 
the same deflection on the recorder galvanome- 
ters of the two receiving svstems. When re- 
cords were started after dark no attempt was 
made to have them on an accurately comparable 
intensity basis, the chief aim being to study the 
simultaneous changes on two records rather 
than their exact magnitudes. 

The arrangement of the pairs of simultaneous 
records in the illustrations will be found some- 
what inconsistent since the character of the re- 
cords made it easier [0 compare them by placing 
the one made with a given type of antenna some- 
times above, sometimes below, the record made 
with another type. 


Conclusions of Previous Investigations. — 
Both Pickard, in his 1928 investigation (), and 
Appleton and Ratcliffe in their recent work ( 
have given the chief credit for fading to inten- 
sity changes undergone in the path of the in- 
direct ray. Pickard ascribes these changes to 
varying absorption and suggests a possible ех- 
planation, while Appleton and Ratcliffe find 
reason to suspect that interferences between 
rays travelling by multiple paths are the cause. 
These authors agree also in crediting interfe- 
rence between ground and indirect rays with a 
minor role in causing fading; and practically 
eliminate direction shifts as a factor. Apple- 
ton and Barnett (7), as well as Smith-Rose and 
Barfield €) had previously satisfied themselves 
that apparent direction shifts were due chiefly 
to elliptical polarization of the atmospheric ray, 
and very little, if al all. to actual changes in 
lateral angle with the great circle plane through 
transmilting and receiving points. Pickard did 
not discuss changing angle of incidence nor ro- 
tation of the plane of polarization of the down- 
coming ray in connection with his fading data. 
Appleton. and Ratcliffe were unable to detect 
any evidence that these factors were affecting 


· fading (C) in spite of the fact that rotation of 
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(ће plane of polarization of the incident ray 
had been accepted as explanation for apparent 
direction shifts. The Bureau of Standards re- 
ports (°) on cooperative measurements in 1925, 
while accepting varying absorption as the more 
general cause of fading, gave considerable 
weight to interference effects so far as fading 
of nearer stations was concerned, but no data 
bearing upon the other factors were then se- 
cured. | 

While the present paper deals only with ob- 
servations in the broadcast range of frequencies 
and with limited methods of analysis it is well 
to have in mind the conclusions reached by 
investigations at other frequencies and by other 
methods. Working particularly with frequen- 
cies above 3,000 kilocycles Breit and Tuve (7) 
found fading occurring independently of inter- 
ference between ground and indirect rays and 
suggested multiple reflections and flickering 
effect due to wavy character of surface of the 
ionized region. Heising (°°) as well as Taylor 
and Young ('), using an oscillographic me- 
thod similar to that of Breit and Tuve found 
proof of a multiplicity of paths of different 
lengths. Heising found these regularly accom- 
panied by fading and simultaneous with an 
apparent rising of the ionized layer. Rukop (“) 
in working with transmission of pictures at 
high frequency had earlier secured evidences 
of multiple paths which were accompanied by 
fading which, however, was not necessarily as- 
sociated with the multiplicity of paths. The 
path length changed at times as rapidly as 
50 km a second giving the Doppler effect of a 
change in frequency at the receiving system. 
From theoretical considerations Pedersen ('°) 
concluded that there should be an infinite num- 
ber of downcoming rays at a given point on the 
earth's surface. 


Fading produced by interference was found 
by Bown, Martin and Potter (') in an oscillo- 
graphic study of the distortion in broadcast 
reception within a given area, and oscillogra- 
phic observations by Friis (7) of reception on 
18.75 megacycles proved consistent with the 
belief that fading is mainly caused by wave 
interference. 

Very good evidence of real direction shifts 


was found by Friis (7) using a cathode ray 
oscillograph to observe the phase difference of 
signal waves as received by antenna systems 
located a fraction of a wave length apart. 


Changes in angle of incidence were found 
by Friis (7) to be much more frequent and of 
grealer magnitude than direction shifts of the 
received signals. Heising ('"), by his observa- 
tions of signal retardation, had previously com-: 
puted changes in angle of incidence sufficient 
to indicate rapid variations in the height of the 
ionized layer, sometimes as greal as 72 kilo- 
meters (45 miles) in two minutes. 


Rotation of the plane of polarization of the 
indirect ray was suggested from theoretical con- 
siderations of the earth's magnetic field and 
varying ionization in the upper atmosphere by 
Appleton and Barnett (*) and by Nichols and 
Schelleng (7), who indicated that this phe- 
nomenon might be expected in transmissions 
largely along the line of a magnetic meridian. 
Evidences of abnormal polarization causing ap- 
parent direction shifts were pointed out by 
Eckersley (°°), and Pickard ('?) found by many 
observations made on high frequencies with an 
analyzer that the plane of polarization under cer- 
tain conditions rotated 90° in transit. Alexan- 
derson's investigation (°), also on the high fre- 
quencies, seemed to indicate a continuous rota- 
tion of the plane of polarization with alternate 
points of plane and circular polarization along 
the transmission path. Hollingworth (*') recent- 
ly made measurements to determine the state of 
polarization of the indirect ray which produces 
apparent progressive direction shifts during the 
sunset period, and on the basis of several as- 
sumptions calculated that the plane of polariza- 
tion of an indirect rav received from a selected 
transmission of 21,622 kilocycles rotated 90° 
during sunset and remained thus abnormally 
polarized during the night. Eckersley (7) work- 
ing with the high frequencies, made simul- 
tancous fading records with horizontal and ver- 
tical antennas and reports that under some 
conditions the fading changes in the two re- 
cords were so nearly opposite in phase as to 
indicate rotation of the plane of polarization 
of the downcoming ray. 
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Simultaneous Coil and Vertical Single-Wire 
Antenna Records.— The first method of analysis 
in the present investigation was by means of 
simultaneous fading records made with coil an- 
tenna in maximum position and with vertical 
single-wire antenna, respectively. Assuming 
both ground and reflected rays to be in the great 
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ference of the two fields produced by direct and 
downcoming rays, respectively. On the verti- 
cal single-wire antenna similar variations should 
be of less absolute magnitude since only the 
vertical component of the electric vector is ef- 
fective and this component decreases with the 
angle of incidence. 


With either antenna the 
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FIG. 1. 
WIOD (1210 kc), Miami Beach, Florida, received at Kensington, Md., 1,500 km., March 15, 1923. Upper record with ver- 
tical antenna; lower record coil antenna at maximum. 


circle plane which passes through transmitting 
and receiving points, certain effects were anti- 
cipated. The ground ray presumably remains 
normally polarized at night as during daylight; 
therefore, so long as there is a normally pola- 
rized component of the indirect ray any changes 


night intensitv, for non-local stations at least, 
will sometimes exceed, sometimes fall below, 
the relatively constant daylight level. 

Turning now to the data and examining some 
fifty records involving transmission frequencies 
of 660 to 1,480 kilocycles and distances of 13 to 


FIG. 2. 


WJZ (660 kc), Boundbrook, N. J., received at Kensington, Md., 300 km., May 15, 1928. Upper record, coil antenna 
at maximum; lower record, vertical] antenna. 


in the path length of the latter should result in 
changing phase relations between the two rays 
and consequently in similar intensity variations 
in the two types of antenna. Since the total 
electric vector in the vertical plane is effective 
on the coil antenna the signal-strength in it 
should range between the sum and the dif- 


1,500 kilometers, what do we find? For sta- 
tions more than about 150 kilometers distant 
from the receiving antennas the results were 
practically as anticipated, as the typical graphic 
records of figures 1-8 indicate. There is a slight 
shifting of phase at onc point in the WIOD re- 
cord which may be real or may have been caused 
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by changing speed of one recording drum at a 
time when there was difficulty with the syn- 
chronization of the two drums. Conditions pre- 
vented making another record on this station. 
With this single exception the intensity changes 
are in phase on the two antennas. An anomaly 


ne 


9:33 Ам, 3.7 


FIG. 3. 
WRVA (1180 kc), Richmond, Va., received at Kensington, 


Md., 155 km., June 1, 1928, Upper record, coil antenna at 
maximum; lower record, vertical antenna. 


appears, however, in the records for the nearer 
group of stations, 18 to 53 kilomelers distant, 
in that the fading changes are at times as much 
as 180° out of phase on the two records. This 
holds true for variations of a few seconds dura- 
tion as well as for those having periods of a 
minute or two. Figures 4-7 show typical illus- 
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trations. Here we have the same effect that 
Appleton and Ratcliffe (°) found in simulta- 
neous records made with vertical single-wire 
antenna and with the ground ray suppressed in 
a single turn loop placed in the maximum posi- 
tion. They accounted for the recorded diffe- 
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FIG. 4. 


WBAL (1050 kc), Baltimore, Md., received at Kensington, 
Md., 50 km., May 9, 1928. Upper record, coil antenna at 
maximum; lower record, vertical antenna. 


rences by an interference between indirect and 
ground rays which was effective in the vertical 
antenna but was eliminated from the loop. This 
explanation is not applicable to the present data 
since with the ground ray effective in both an- 
tennas there is still a lack of synchronism in the 
fading of the two records. Appleton and Rat- 
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WTFF (1480 kc), Mt Vernon Hills, Va., received Kensington, Md., 31 km., March 19, 1928. Upper record, vertical 
antenna; lower record, coil antenna at maximum. 
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cliffe on the other hand, found the two records 
varying together when the ground ray was not 
suppressed (^5). 

A possible explanation of this anomaly may be 
reached by the process of elimination. Making 
the usual assumption that the indirect ray re- 
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FIG. 6. 


WTFF (1480 kc), Mt. Vernon Hills, Va., received at Kenseng- 
ton, Md., 31 km., May 17, 1928. Upper record, coil antenna 
at maximum; lower record, vertical antenna. 


mains in the plane of the great circle connecting 
transmitter and receiver, the combined effect of 
eround and downcoming rays should be to cause 
similar changes in both vertical single-wire and 
coil antennas. The only exception would be 
when the atmospheric ray arrived with zero 
angle of. incidence, in which case only the 


ground ray should be effective in the vertical 
anlenna and the intensity should remain at the 


davlight level, while in the coil antenna the 
combined effect of the two rays should continue 
to produce fading changes. This explanation 
does not fit the data; it is a change of phase rela- 
tionship between the two records, not a cessa- 
tion of fading in one, that is to be accounted 
for. Rotation of the plane of polarization of 
the incident ray also should produce like effects 
in the two receiving syslems; therefore, by 
itself, this offers no solution. 

The auswer is presumably associated, directly 
or indirectly with the nearness of transmitting 
and receiving stalions. For the distances con- 
cerned, 13 to 53 kilometers, it is perfectly pos- 
sible to have direction shifts of the incident ray 
as great as 90°, due to irregularities in the 


refracting or reflecting upper atmosphere. This 
could account for changes on the vertical an- 
tenna not occurring on the coil antenna, but not 
for the considerable time lag between similar 
changes produced in the two receiving systems. 
If, however, there should be a lateral direction 
shift combined with a rotation of the plane of 
polarization for the dowcoming ray, we should 
expect just such differences in the pairs of re- 
cords as appear. Suppose, for purposes of illus- 
tration, that the reflected ray is arriving with 
constant intensity and normally polarized. If, 
now, the lateral angle of arrival shifts until it 
becomes 90° the signal intensity in the vertical 
antenna will remain constant while that in the 
coil antenna will decrease to a minimum, in 
fact, to zero, if there should be no ground wave 
present. 

If, next, the plane of polarization rotates, the 
vertical component of the electric field will de- 
crease until, with the electric field horizontal, 
the ray ceases to produce a current in the ver- 
tical antenna. Simultaneously, the component 
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FIG. 7. 

WMAL (1240 kc), Washington, D. C., received at Kensington, 
Md., 13 km., April 2, 1928. Upper record, coil antenna at 
maximum; lower record, vertical antenna. 


of the magnetic field in the vertical plane will 
have increased from zero to a maximum, there- 
by producing maximum current in the coil an- 
(еппа for the given angle of incidence. Thus 
we have similar fading characteristics 180? out 
of phase in the two antennas. If the direction 
of arrival of the incident ray gradually returns 
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to the plane of the maximum coil antenna and 
the rotation of the plane of polarization conti- 
nues, whether at regular or irregular speed, the 
phase difference between the two records will 
gradually decrease until it disappears. With 
the direction shifts more or less erratic we 
should have just the sort of changing phase 
relations shown on the records of figures 4 to 7; 
and if rotation ceased we should again find the 
two records running in phase, as in the early 
part of figure 5 or the latter part of figure 6. 
The question whether the direction shifts ne- 
cessary to the above explanation actually exist 
requires proof. Bearings on these stations were 
taken at night by means of a coil antenna, and 


SIMULTANEOUS FADING RECORDS. 
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meters from the observing point the intensity 


of the downcoming ray is sometimes nearly as 


great as that of the ground wave, so that when 
the two are opposite in phase the intensily of 
the ground ray is largely neutralized and the 
record drops almost to zero. Presumably in 
these same records the peaks are due to the 
addition of the reception by direct and indirect 
paths. It will later be shown, however, that 
peaks may be due to other causes, whether the 
«round wave be present or not. 


Simultaneous Fading Records with Two Coil 


Antennas, at Maximum and Minimum  Posi- 
lions, Respectively. — The second method of 
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FIG. 8. 


WIZ (660 kc), Boundbrook, N. J., received at Kensington, Md., 300 km., April 2 


2,.1928. Upper record, coil antenna at 


maximum; lower record, coil antenna:at minimum position. 


revealed apparent direction shifts which were 
considerable. An actual test, however, can only 
be made with an antenna of the Adcock type (^?) 
if true directions of arrival of the reflected 
ray are to be found. Such a test awaits the 
construction of further apparatus. 
Interference, between the indirect reception 
and the ground ray is evidenced on many of the 
records made with the coil antenna in maxi- 
mum position, and to a lesser degree by those 
made with the vertical antenna. Wherever the 
intensity of one of these records falls below the 
daylight level the indirect reception must be to 
some extent out of phase with the waves ar- 
riving along the surface of the earth. Figures 4 
to.7 give clear indications of this. Note parti- 
- cularly that even for stations as near as 13 kilo- 


investigation was by simultaneous fading re- 
cords of the same transmission as received by 
two coil antennas, one in the maximum, and 
the other in the minimum position. The pur- 
pose of this arrangement was to secure some 
data as to fading caused by rotation of the plane 
of polarization of the indirect ray; for such a 
phenomenon, if present, should cause an in- 
crease of intensity in either coil antenna to be 
accompanied by a decrease in the other. So far 
as possible the minimum bearing was found for 
the various stations during daylight when there 
was no evidence of an indirect ray, and these 
bearings checked satisfactorily on different 
days. For the more distant stations, however, 
no ground wave could be received in daylight 
and it was necessary to trust to approximate 
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bearings, which were sufficient for the project 
in hand. 

The data secured offers considerable striking 
evidence of the above mentioned phenomenon. 
Figure 8 is a typical section cut from a pair of 
simultaneous records. Here it is possible to see 
at a glance that the two are practically 180° out 


weak ray from the upper atmosphere appears to 
remain normally polarized and so produces in- 
tensity changes only in the maximum coil, pos- 
sibly through a combination of interference 
effects and varying absorption. Then gradually 
evidence appears that a downcoming ray some- 
what abnormally polarized is producing a cur- 
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WJZ (660 kc), Boundbrook, N. J., received at Kensington, Md., April 5, 1928. Upper record, coil antenna at maximum, 
- lower record, coil antenna at minimum. 


of phase most of the time. The minima do not 
always fall to zero as would be expected with 
the ground wave practically negligible as it is 
in this case, and it therefore becomes necessary 
to postulate more than one indirect ray. It may 
be that in this record we have the effect of two 
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rent in the minimum coil. Even with no further 
rotation of the plane of polarization any varia- 
tions in the intensity of the indirect ray may now 
result in parallel! changes such as appear in the 
first large intensity peak at 7:12. Пеге, due to 


the rise of the ionized layer, and probably to very 
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F1G. 10. 
WBAL (1050 kc), Baltimore, Ма., received at Kensington, Md., 50 km., April 17, 198. Upper record, coil antenna at 
maximum; lower record, coil antenna at minimum. 


rays rotating at different speeds so that their 
minima do not synchronize most of the time. 
Interference between the two is also probably 
present but the effect cannot be isolated in the 
record. Figure 9 is another record made on 
reception from the same station as figure 8, and 
is typical of what occurs during the sunset 
period. Up until a half hour after sunset the 


abnormal polarization, the intensity in the mi- 
nimum coil is practically the same as in the 
maximum. From this peak on, nearly to the 
end of the record, the average trend of the 
maxima coil antenna record is 180° out of phase 
with tbe minimum, indicating that the rotary 
motion of the ray has gotten under way. Start- 
ing at about 7:04 P. M. on this same record there 
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is a superposed rapid variation having a period 
of from 3 to 30 seconds. This characterislic is 
also exacily out of phase on the two records and 
so suggestive of a second and relatively much 
weaker ray with plane of polarization rotaling 


tion. With elliptical polarization, however, al- 
ternate peaks should be of differing magnitude. 

While this data and much more seemed to 
be consistent with a rotating plane of polariza- 
tion in the indirect reception, there were times 


FIG. 11. 


WMAL (1240 kc), Washington, D. C., received at Kensington, Md., 13 km., June 5, 


1928. Upper record, coil antenna at 


minimum; lower record, coil antenna at maximum. 


rapidly. Assuming the polarization to be plane 
a complete rotation would have to occur in six 
seconds to produce the most rapid of these 
changes, whereas elliptical polarization would 
produce the same effect by a twelve-second rota- 
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when the phase difference betweeu the two re- 
cords varied widely, sometimes becoming al- 
most zero, as shown in figures 10 to 12. The 
ground ray could in no way be held responsible, 
for its effect had been eliminated by the coil 
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FIG. 12. 
WMAL (124) kc), Washington, D. C., received at Kensington, Md., 13 km., June 6, 1928. Upper record, coil antenna at 
minimum; lower record, coil antenna at maximum. 
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anlenna in minimum position, and yet varia- 
{ions in one antenna led or lagged behind si- 
milar variations in the other. In a recent arti- 
cle Eckersley (2°) reports that records of high 
frequency transmissions received simultaneously 
with vertical and horizontal antennas are oppo- 
site in phase. H is interesting to note that the 
illustration given, however, shows clearly the 
same sort of phase shifts between the two re- 
cords as have appeared in the data of the pre- 
sent paper. И an interference effect were res- 
ponsible for this phenomenon, at least two 
elliptically polarized downcomingz rays would be 
necessary, with their vertically polarized com- 


———— 


by means of a single reflection the angle of 
incidence at the receiving and would increase 
with the distance between transmitting and 
receiving points and a direction shift of given 
angle would produce a greater phase shift 
in the pair of fading records for a distant 
than in the pair for a nearer station because 
the incident ray for the former is more nearly 
horizontal. On the other hand, it should be 
possible for the ray from a nearer station to 
arrive at larger angles with the plane of the coil 


antenna in maximum position since lateral ra- 


diation from the distant station would have to 
go to improbable distances to be reflected back 


PUTES ose 8:18РМ. 6:25 Pn. 
| Е16. 13. l 
WJZ (660 kc), Boundbrook, N. J., received at Kensington, Md., 300 km., June 6, 1928. Both records made on coils at 
maximum. 


ponents having a different phase relationship 
from that of their horizontally polarized com- 
ponents. 

A more plausible explanation is that sug- 
gested for similar out-of-phase relations which 
occurred in the records made simultaneously on 
coil and vertical-wire antennas. If an atmos- 
pheric ray with rotating plane of polarization 
were arriving with an angle of incidence of 
nearly 90* and the plane of its arrival should 
eradually shift from 0? to 45? with the maxi- 
mum position of the coil antenna the records 
made simultaneously by coil antennas in maxi- 
mum and minimum positions would gradually 
shift from the 180? out-of-phase relationship 
to a nearly in-phase relationship. If the angle 
of incidence were considerably less than 90° 
similar changes in phase relationships would 
take place as the direction of arrival shifted to 
the 45° position, except that the two records 
would never come completely into phase. As 
the angle of incidence decreased still further 
the two records would be more and more out 


. other two. 


at large angles. Very distant transmissions, 
furthermore, would presumably be received al- 


. most entirely in the great circle plane passing 


through transmitting and receiving stations. In 
the case of possible multiple reflections of the 
same ray or of an inverted U-shaped path the 
situation would be altogether different. Fur- 
ther measurements of the apparent effective 
height of the ionized region according to the 
method of Appleton and Ratcliffe, providing a 
sufficient variety of distances be covered, may 
give some useful information, for the method 
should prove most accurate and consistent for 
the distant stations if there are actual lateral 
reflections present. 

As a partial check of the possible shifts in the 
direction of arrival of the indirect ray, observa- 
tions were made simultaneously with three re- 
ceiving systems utilizing, respectively, a coil 
antenna in maximum position, a second in the 
minimum or perpendicular plane, and a third 
in a vertical plane at an angle of 45° with the 
Comparisons were made vocally by 


of phase. If the indirect rays always arrive the three observers ‘as changes occurred in the 
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indicating galvanomelers, since the third re- 
corder for securing graphic records was lacking. 
Observing was done at a time when the phase 
relation between changes in the perpendicular 
coils was varying The triple observations show- 
ed that for considerable periods the variations 
in the 45? coil were more nearly in phase with 
those in the coil at maximum, at times more 


а ~ ~ 


J.ca PR 


tion of antennas to eliminate effects due to the 
ground wave, and the coil antenna in the maxi- 
mum position to receive both ground and in- 
direct rays, it was hoped that differences in 
records would indicate the amount of fading due 
to interference belween these two rays. With 
the indirect ray remaining in the plane of the 
ercat circle connecting the two stations, changes 
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FIG. 14. ‘ 


WBAL (1050 kc), Baltimore, Md., received at Kensington, Md., 50 km., April 27 


, 1928. Upper record, coil antenna at 


maximum; lower record, barrage minimum. 


nearly in phase with changes in the coil at mi- 
nimum position, and for other periods consi- 
derably out of phase with both. Such effects 
do not prove direction shifts to exist but are 
similar to what would be expected if such 
shifts were real. 


Figure 18 is tvpical of records taken from 
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other than those due to interference should have 
similar effects on the two receiving systems, 
though the magnitude of changes should differ. 

Figures 14 and 15 show typical pairs of re- 
cords. The earlier portion of the records of 
figure 14 occurs during sunset before the angle 
of incidence of the indirect ray has decreased 


FIG. 15. 


WBAL (1050 kc), Baltimore, Md., received at Kensington, Md., 50 km., April 26, 1928. Upper record, barrage minimum; 
lower record, coil antenna at maximum. 


time to time to make sure that differences in si- 
multaneous records were not due to the separa- 
tion between receiving antennas. In all of these 
records made with similar antenna systems the 
simultaneous records showed that every varia- 


tion, small and large, was in phase on the two 
records. 


Simultaneous Fading Records Made with Bar- 
rage Antenna and with Vertical Single-Wire or 
Coil Antennas. — Using the barrage combina- 


sufficiently to allow more than a feeble hori- 
zontal component of the electric field. Conse- 
quently the intensity changes are quite feeble at 
first but increase as the ionization retreats 
upward. During the first half of the records the 
intensity variations are in phase in the two an- 
tenna systems, indicating that these changes are 
produced farther back in the transmission path. 
The later portions of the records, however, show 
some changes in one antenna to be lagging 
similar changes in the other. Figure 15 shows 


116 Union Radio Scientifique Internationale 


similar lagging effects at approximately 6:44 to 
6:53, 8:25 to 8:30 and 8:47 P.M. At other 
times this pair of records is usually in phase or 
180° out. The latter condition is well explained 
by the fact that as the horizontal electrical com- 
ponent of the indirect ray increases, as shown 
by the barrage record, the vertical component 
presumably increases also, and being out of 
phase with the ground ray, whether partially or 


is a possible one for all of these pairs of records. 
Two facts, however, cast some question upon 
this an a complete solution : 1° it is doubtful if 
interference can account for the slight phase 
displacements in similar portions of the two 
records as it may well account for the 180? out- 
of-phase relationships; 2? similar varying phase 
relationships appear in records already discus- 
sed, those made with the vertical antenna and 


Fig. 16. 


WBAL (1050 Ке), Baltimore, Ма., received at Kensington, Md., 50 km., July 6, 1928. Upper record, barrage minimum; 
lower record, vertical antenna. 


completely at these particular times, causes a 
reduction of intensity in the coil antenna set at 
maximum position. 

Figure 16 shows records made by a method 
similar to that last described except that a ver- 
tical single-wire antenna was substituted for the 
coil in maximum position. This method was 


with the coil antenna in maximum position 
with no elimination of the ground ray. Shifts 
in the direction of arrival of the downcoming 
ray would make the latter more effective on the 
verlical antenna portion of the barrage system 
than on either coil. 

If rotating plane of polarization be combined 


Fig. 17. 


WBAL (1050 kc), Baltimore, Md., received at Kensington, Md., 50 kin., March 30, 1928. Upper record, coil antenna at 
minimum; lower record, barrage minimum. 


used by Appleton and Ratcliffe (7). Though 
the fading is more rapid in figure 16, the phase 
relations between the records are similar to 
those of figures 14 and 15, with less positive 
indications of the lagging effect because of the 
rapidity of variations. This effect does appear 
on a record (7) shown by Appleton and Ratcliffe, 
however. The explanation given by them, that 
the difference in records is due to the inter- 
ference between indirect and ground rays which 
can affect only one of the two receiving systems, 


with a direction shift in this ray the phase rela- 
tionships appearing in the pairs of simulta- 
neous records become explicable. Three simul- 
taneous records utilizing the vertical antenna, 
the barrage system, and the coil antenna, should 
throw further light on the problem. 

Again, the barrage system was used simulta- 
neously with the coil antenna in minimum posi- 
tion. This provided a method of eliminating 
results of the ground wave from both coils so 
that remaining effects should be due to indirect 
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reception only and to the angles which the coils 
made with that indirect reception. The effect of 
the entire vertical electric component of this ray 
should, of course, be eliminated in the barrage 
system. Figure 17 shows the type of record se- 
cured on transmission during the sunset period 
from a station only 53 km distant. The changes, 
both large and small, are very nearly of thesame 
magnitude and the larger variations are usually 
in phase on the two records. The phase rela- 
tionships of the smaller periodic variations 
change considerably but are most often 180? 
out. In other words, this pair of records has 
much the same characteristics as appeared on 
the WJZ records, made with coils in maximum 
and minimum positions, in which the effect of 
the ground wave was practically absent because 
of great attenuation due to distance. There is 
in the early part of the records a superposed 
periodic variation suggestive of an indirect ray 
of small intensity with rotating plane of polari- 
zation and some shift in the lateral angle of 
arrival to: cause changing phase relationships in 
the two fading records. The major variations 
would appear to be caused by a much stronger 
indirect ray of varying intensity with its plane 
of polarization unchanging at first but later 
rotating slowly, thus causing changes in one 
record to lag behind similar changes in the 
other. This rotation effect was not found in 
the records made by Appleton and Ratcliffe (°°) 
with similar antennas. The intensity variations 
shown by their simultaneous records were so 
largely in phase that most of the fading could 
be explained by intensity variations occurring 
al some distance from the receiving antennas. 


Short Period Fading. — Тће rapid periodic 
fading previously mentioned and illustrated in 
figures 9 and 12 should have some significance 
since there is a considerable degree of regularity 
in its appearance, at least in reception from the 
two stalions upon which observations have been 
most consistently made. During the coopera- 
tive investigation of fading (^) conducted by the 
Bureau of Standards in 1925 this same pheno- 
menon was noted, though less consistently, in 
. Observations made at several different localities 
on transmissions from WGY (790 kc), Schenec- 
tady, N. Y. In the earlier case the phenomenon 


occurred for a few davs at the spring equinox 
and was not found again. The newer cases 
were first noted at the same season but have 
continued for several months with very few 


exceptions whenever records were made. On 


the WJZ records this type of fading starts from 
15 to 30 minutes after the Washington sunset 
and lasts in the vicinity of a half hour. On the 
WBAL records, which were made much less 
frequently, the start is likely to be practically 
at sunset, though there is some variation both 
Ways. 

The explanation of this phenomenon sug- 
gested in the earlier paper as an interference 
effect between ground and reflected rays is now 


proved unsatisfactory by the fact that this pe- 


riodic fading is present even when the ground 
ray is absent. As previously stated, the fact 
that such fading is out of phase on records made 
with coils at maximum and minimum positions, 
respectively, makes any interference explana- 
tion difficult and suggests a relatively weak 
indirect ray with rapid rotation of its plane of 
polarization. No explanation is given at this time 
for the rotation itself. 


Conclusions. 


1. Considerable fading is caused by the fact 
that the indirect ray from a radio broadcasting 
station undergoes variations of intensity before 
arriving at the receiving antenna. This is pro- 
ved by the fact that at times similar intensity 
changes occur simultancously in coil antennas 
at maximum and minimum positions as well 
as in barrage antenna and coil at minimum. 


2. Much evidence of fading caused by inter- 
ference between ground and indirect rays is 
found in records of reception from transmitting 
slations sufficiently near to produce a ground 
wave at the receiving point. The night-time 
intensity is often less than the day-time inlen- 
sity which is due to the constant ground ray. 
The out-of-phase indirect ray often neutralizes 
the effect ot the ground ray partially and some- 
times completely, even for short transmission 
paths. 


3. Direction shifts are apparently necessary 
to the explanation of phase displacements. of 
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less than 180? between otherwise similar records 
made simultaneously : 1° with coil antenna at 
maximum and with vertical single-wire anten- 
na; 2* with coil antenna at maximum and with 
barrage antenna; 3? with barrage and vertical 
single-wire antennas; 4° with coil antennas at 
maximum and minimum position; 5° with bar- 
rage and with coil antenna at minimum.  Oscil- 
lographic studies and direction observations with 
an antenna of the Adcock type to eliminate 
effects of rotation of plane of polarization, as 
well as records made simultaneously with more 
than two types of receiving antennas are desira- 
ble to verify direction shift indications. 

4. No proof of fading caused by fluctuating 
height of the ionized layer is found, but evi- 
dence of refraction of the indirect ray from a 
rising layer is found in the fact that the signal 
intensity in the coil antenna at minimum posi- 
tion starts at zero in daylight and gradually 
increases during sunset. 


9. Rotation of plane of polarization of radia- 
tion refracted from the upper atmosphere is 
shown to be the cause of much fading, parti- 
cularly, though by no means wholly, during the 
sunset period. The 180? out-of-phase relation- 
ship between records made simultaneously with 
coil antennas in maximum and minimum posi- 
tions seems to demand this explanation. The 
cause of such rotation is not explained. 


6. Reflections arriving by multiple paths are 
evidenced in records showing a periodic type of 
fading superposed on the main intensity varia- 
tions and yet 180? out of phase on simultaneous 
records made with coil antennas in maximum 
and minimum positions. ‘This fact makes the 
calculation of the effective height of the ionized 
layer by means of the sine of the angle of inci- 
dence, as determined by the method of Apple- 
ton and Ratcliffe (7), somewhat doubtful, espe- 
cially when measuring on other than distant 
stations. 

7. The rapid periodic type of fading noted in 
a previous paper as occurring in signals from 
one station during the sunset period has been 
found to be quite common in the reception 
from two other stations. The newer data point 
toward rotation of plane of polarization rather 
ап interference as the cause. 


As stated in the introduction this investiga- 
tion is far from complete. It is planned to 
make similar measurements over a much longer 
period of time to observe possible seasonal ef- 
fects; to make simultaneous measurements by 
more than two receiving systems over a wider 
range of frequencies;to compare results of trans- 
missions perpendicular to the earth's magnetic 
field with those parallel to it; to make direction 
observations and oscillographic observations si- 
multaneously with the fading records; to make 
more quantitative measurements of these ob- 
servations and compare calculated heights of the 
refracting layer, as determined by the angle of 
incidence method, on transmissions involving a 
wide range of distances, in order to note whether 
there is greater consistency in measurements on 
the more distant stations. 
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THE PRESENT STATE OF BRITISH RESEARCH ON ATMOSPHERICS 


by R. A. WATSON WATT. 


1. Introductory. — In order to define the 
scope and outlook of the present report, it 
should be said that it is a summary report of 
progress in a study of the morphology and etio- 
logy of atrmospherics in themselves rather than 
in a study of the pathology of radio communi- 
cations. It will mainly be concerned with the 
shape and size of atmospherics, the circumstan- 


ces of their origin, and the incidents of their. 


travel from the source to the receiver. 


2. Waveform of Atmospheries. — An electri- 
cal discharge in the atmosphere consists essen- 
tially in the destruction of an electrical moment 
measured by the product of a quantity of elec- 
tricity and the height through which it is 
moved. The electric field produced at a dis- 
tance r, in free space, by the destruction of a 
inoment M is given by the equation. 

1 1 dM 1 ФМ 


E -- -- M+ — — - —e 
r3 Tr dt er dE 
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If the time curve of destruction of moment is 
of the form shown in figure la, the rate of des- 
Iruction is measured by the first differential 
curve 1b the net area of which will represent 
the total moment destroyed and which will 
reach the zero line at the times of beginning 
and end of flow of current. The second diffe- 
rential curve Јес will be of zero net area, since 
an unbalanced area would represent continued 
flow of current. 

Methods are available, using the cathode ray 
oscillograph, from which may be inferred the 
net change of field corresponding to the first 


FIG. 1. 


(or electrostatic) term in the field equation, the 
only term which does not return to zero on the 
termination of the discharge. The same appa- 
ratus enables the remaining parts of the field 
change to be delineated, and in general the se- 
cond (or induction) term will be so small in 
relation to either the first or the third (radia- 
tion) term that the measurements made on the 
oscillograph may be taken as representing 
term (1) or term (3) alone. А very slight mo- 
dification in the method of observation enables 


; dE 
us to measure the rate of change of field —- 


dt 
With these elementary considerations in 
mind, we may turn to the examination of forms 


of atmospherics delineated by these means. 


Dealing with a sample group of 8000 atmos- 
pherics delineated bv an eye and hand method 
in South East England in autumn, figure 2 
shows scale drawings of the most frequently 
occurring classes and indicates their percentage 


frequency. Figures 3 and 4 show on the same 
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scale, the forms occupying the principal places 
in sample groups from Khartoum for the 
month of April and from Western Australia in 
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March. It will be noted that in all cases there 
is a clear majority of sensibly aperiodic forms, 
i.c. forms in which no reversal of voltage could 
be measured in the receiving aerial, or more 
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strictly forms in which no reverse field reaching 
4 millivolts per metre occurred within a period 
comparable with some small multiple of the 
time occupied by the field change as delineated. 
We do not yet understand the mechanism by 
which these aperiodic forms have been derived, 
whether by a wide separation in time between 
the period of strong acceleration and that of 
deceleration in the original discharge, or by 
selective dissipation. Thcre are many signifi- 
cant numerical relations betwcen the magnitu- 
des of the mean apcriodic and the mean quasi- 
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periodic disturbance which would appear to 
point to incidents of propagation rather than to 
peculiarities at the source as accounting for the 
high production of sensibly aperiodic forms. 
Thus for example Table I (*) shows the relation 
between the field streneths and durations of the 
main aperiodic forms and of the corresponding 
shapes when these occur as parts of quasi- 
periodic disturbance. This table helps to dis- 
pose of the suggestion, superficially attractive, 
that the aperiodic discharges may represent the 
induction term. 

In cases where the radiation forms from visi- 
ble lightning discharges at comparatively small 
distances have been drawn, the net area does not 
differ very widely from zero, and thc difference 
may be explained by inaccuracies in the eye and 
hand method. Tt is perhaps permissible to 
infer that strictly accurate delineation would 
have shown equal arcas on the two sides of the 


(*) Page 129. 


base line, in agreement with the starting and 
stopping of the discharge current. within the 
time of delineation. By a graphical double 
integration of a form delineated in England for 
lightning 300 km. distant, the electrical mo- 
ment destroyed is found to correspond very 
closely to that (8 x 10'* e.s.u. cm.) measured 
by Mr. C. T. R. Wilson in the cases of measure- 
ment on lightning at very short ranges. Table 
П shows the results of the process as applied to 
fields from lightning discharges 100 km. 300 
and 600 km. away. Figure 1с is an exact re- 
drawing of an atinospheric actually delineated 
at Khartoum and radiated from lightning some 
100 km. distant. It is of zero net area, and the 
double integration represented in figures 1b 
and 1a leads to the value of 6x10'* e.s.u. 
cms. for the moment destroyed in this tropical 
lightning discharge. 

Although the data is quite inadequate for a 
general survey of the geographical and seasonal 
variations of the characteristic waveforms, Ta- 
ble III indicates that the mean peak field 
strengths fall off with increasing latitude, while 
the mean durations of individual atmospherics 
normally increase with latitude, so that the 


mean rate of change of Неја, on which interfe- 


rent power largely depends, increases very stce- 
ply with decrease of Ја иде. There is а sug- 
gestion in Table Ш that the negative aperiodic 
form is more universal in character than are any 
of the other main classes. Jt will be seen from 
the data shown that the durattons and periodi- 
cities of the fundamental forms are not of the 
same order of magnitude as the periodicilies 
used in wireless signalling. Some doubt 
has been expressed as to whether such relatively 
slow Пеја changes would account for the inter- 
ference actually experienced in wireless signal- 
ling. There is little doubt that the steep initial 
slopes delineated would suffice to produce con- 
siderable e.m.fs. in radio receivers, but that 
ihere is a further explanation of the interferent 
properties of atmospherics may be shown by the 
examples of fine structure. superposed on the 
fundamental waveforms drawn, particularly in 
the tropics and in the hours of darkness. [n 
two cases noted al random this fine structure 
actually had а 4000 metre wovelength and а 
peak field. strength of 10 millivolts per metre, 
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i.e. some 4000 times as great as would be requi- 
red for signalling by artificially generated wa- 
ves of the same frequency. Further, the me- 
thod already referred to for the delineation of 
curves of rate of change of field will show the 
short period components on an enhanced scale 
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field strengths between specified limits. Fi- 
gure 5 shows the nuinbers of atmospherics per 
minute which passed amplitude limits up to 
500 millivolts per metre at Aldershot, Helwan 
and Khartoum; the curves are drawn on logarith- 
mic scales in respect both of field strength and 
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and in fact even in Great Britain this enhance- 
ment of fine structure is sufficient to make the 


A: oscillogram too complex for delineation. 


3. Numerical Incidence of Atmospherics. — 
Passing from characteristics of form to the in- 
vestigation of the temporal incidence of atmos- 
pherics of various strengths, we find that the 
circuits employed for delineation of form are 
also convenient for the examination, without 
the use of a time base to open out the pattern, 
of the relative frequency of occurence of peak 


number per unit time, and while it is at once 
evident that no simple law will fully express the 
distribution, complicated as it is by conditions of 
light and dark, yet an adequate first approxima- 
tion is given by a law of the form N E* = cons- 
tant, K. 

An interesting feature of these distribution 
curves is that while small negative peaks are 
numerically predominant, in both morning 
and evening hours; vet amongst the stronger 
peaks exceeding 30 millivolts per metre, there 
is a clear preponderance of positives. This is 
only one of a group of differences peculiar to 
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field changes of different instantaneous signs. 
The direct counting process breaks down some- 
where between one millivolt per metre and 
5 millivolts per metre because the frequency of 
occurence of 3uch discharges is too high for the 
counting powers of the observer. It is however, 
a matter of very considerable interest to deter- 


Red Sea. November. 
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This ensured that all phenomena seen on any 
portion of the figure actually occured within 
the correspouding time interval. The diagram 
ligure 6 shows the numher of peaks per second 
passing the threshold of measurability in several 
24-hour counts made in the Red Sea in the 
month of November. It must be confessed that 
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FIG. 6. 


mine the relative frequency of incidence of 
peaks so small as to be just over the limit of 
perception in the oscillographic method used; 
this problem was first attacked in the course of 
a cruise in tropical waters during which I had 
the privilege of collaborating with scientific 
officiers of H. M. Signal School (Messrs. C. E. 
Horton, M. A., and J. C. W. Drabble) in obser- 
vations on atmospherics. The method em- 
ployed was to ensure that the fluorescent spot 
of the oscillograph did not retrace the same 
path within the path of persistence of vision. 


these counts at once surprised and alarmed the 
investigators, but thev are consistent with а 
large number of counts carried out by the same 
method at land stations. For example, at Hel- 
wan the average number of individual peaks 
passing the threshold of observation was ap- 
proximately 100 per second at 8 hours G.C.T., 
250 per second at 18 hours G.C.T. and 200 per 
second at 20 hours G.C.T. At Khartoum these 
numbers were almost always exceeded and 
counts of 1200 to 1500 peaks per second were 
not at all infrequent in dark hours. On one or 
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{wo occasions a count of the order of 3600 peaks 
was obtained and sounds of approximately this 
frequency were audible in the telephones. 1t is 
of further interest to note how these counts of 
small peaks fit into the approximate distribu- 
lion law just enunciated. This is perhaps best 
shown by the indircct process of evaluating the 
detectable field strength as defined by those 
counts. It is found that if the constant К is 
determined by taking the numbers of atmosphe- 
rics per minute passing the limits of 5 and 
10 millivolts per metre, then the field strength 
E corresponding to a numerical frequency of 
1200 per second is 1/4 of а millivolt per metre. 
This corresponds to an oscillographic deflection 
of 1/2 millimetre which would in fact just be 
detectable under average conditions of observa- 
tion. The approximate inverse square law of 
numerical frequency of occurence may therefore 
be applied to radiation fields from half-a-volt to 
a quarter of a millivolt per metre. [t may not 
be out of place to repeat that although this latter 
value has been called а small one, it is still of 
(ће order of 100 times the field strengths useful 
in radio communications. 

Combination of the dala of frequency of inci- 
dence and of the duration of individual forms 
will make it quite clear that in the dark hours 
in the tropics the occasion on which no consi- 
derable voltage from atmospherics exists in the 
aerial is a very rare occasion indeed, and it may 
be said that these observations give a vivid pic- 
ture of the mechanism underlying the acute 
disturbance experienced. in wireless signalling 
in the tropics, and they indicate quite clearty the 
reasons for the complete inadequacy of the anti- 
almospheric devices which have been suggested 
in the past. 


4. Directional Observations. — After some 
preliminary work had been carried out by aural 
methods on the mean direction from which the 
predominant stream of atmospherics reached 
particular stations at known limes, pen-wriling 
recorders were designed to supply more com- 
plete data of this nature. The general сћагас- 
teristics of the data from such а recorder instal- 
led at Aboukir, Egypt, show that throughout 
the year at approximately noon G. C. T. a pre- 
dominant stream of atmospheries is arriving 


from nearly due South. This direction of ar- 
rival swings westwards throughout the after- 
noon and the swing is of the greatest amplitude 
near (he autumnal equinox, least near the 
This stream from westward 
diminishes in importance about 0500 G. C. T. 
when atmospherics arriving from the north- 
east begin to predominate, they in turn coming 


vernal equinox. 


from directions more and more northerly until 
near noon when the stream from the south 
assumes first prominence. The amplitude of 
swing of this northerly stream is greatest near 
the vernal equinox, and in fact this stream 15 
not traceable in the records near the autumnal 
equinox. У 

If simultaneous hourly mean values from all 
slalions are plotted on acsuitable graticule, a 
world map of travel of the principal sources of 
atmospherics results. (This map was exhibited 
at the session.) Each location is marked by a 
flag whose colour is characteristic of the season 
and which bears a flat-topped indicator whose 
colour shows the Greenwich Civil Time of the 
location, while the round topped indicator 
shows the local time. The most cursory inspec- 
tion of the map suffices to demonstrate that the 
predominant source of atmospherics normally 
lies in a summer afternoon or evening, so that 
the cum-solar travel of the mean source of at- 
mospheries, inferred from limited samples by 
various workers, is substantiated and amplified 
by the more complete recorder data here exami- 
ned. The non-production of atmospherics over 
the Pacific and the prominence of mountainous 
regions as atmospheric producing areas are also 
clear from the chart, and the only point requi- 
ring explanation is the apparent contradiction of 
experience involved in the relative paucity of 
localions in Africa. This is due to the fact that 
the African. sources are operative during the 
same periods as the European sources of similar 
longitude: despite the greater intensity of the 
African sources the proximity to home stations 
of the European sources cause these latter to 
predominate. 


5. Individual Direction Finding. Attention 
has been called elsewhere to the weakness of the 
older directional methods of observation in that 
they deal with average values only and may on 
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occasion be actually misleading on account of 
the lumping in a statistical mean stream of two 
or more physical by separate streams. A method 
which was suggested so long ago as 1916 has 
recently been put into practical application for 
the determination of the direction of arrival of 
individual atmospherics at observing stations. 
The most complete test of this method which 
has yet been made was made possible by the 
kind collaboration of the Post Office Radio Sta- 
tion, Cupar, and operated by a method in 
which the observers at the two stations 500 km. 
apart were in direct telephonic communication 
with each other, so that almost complete cer- 
tainty was attained as to the identity of the par- 
ticular atmospheric whose direction of arrival 
was observed at the two ends of this base line. 
Figure 7 shows the distribution of places of ori- 
gin of individual atmospherics on 29th June 
1927. The bolder numerals superposed on the 
metcorological chart indicate the hours G.C.T. 
at which any one atmospheric was observed to 
proceed from the point at which the numeral 
occurs, the relative amplitude of the atmosphe- 
ric is indicated on a scale of four steps by the 


nature of the numeral, an arabic numeral reprc- 


sents a small atmospheric, a small roman nu- 
meral one of medium amplitude, a large roman, 
one of large amplitude, and a large roman 
barré, an atmospheric of the largest readable 
amplitude, while symbols represent the inci- 
dence of thunderstorm phenomena as extrac- 
‘ted from the daily weather reports of European 
meteorological institutes for the days in ques- 
tion. It will be seen that on the whole the pic- 
ture of thunderstorm activity given by approxi- 
malely 30 minutes total time of observation by 
two observers is of comparable adequacy to that 
given by the daily weather services. The figure 
includes lines showing the position of the poiar 
front at two hours during the day. It will be 
seen that while the detail of the relation to the 
front is by no means clear, it is on the whole 
more definite than that shown by the thunder- 
storm data plotted. 

А number of particularly interesting compa- 
risons can be made between the locations of 
individual sources of atmospherics and thun- 
derstorms reported in the admirably complete 
daily weather reports issued by meteorological 


institutes in the Soviet Union. For example a 
nolably active source of atmospheric at 3 hours 
G.C.T. on July 1st 1927 around Tiflis correspon- 
ded to a thunderstorm which occurred at Tiflis 
during that night. From an examination in 
fourteen such cases of the maximum voltages 
produced in the cathode ray direction-finding 
circuits, which were tuned to 10 kilocycles, it 
may be deduced that the peak field strength 
of the 10-kilocycle component in atmospherics 
radiated from thunderstorms between 3000 and 
5000 kilometres distant is approximately inver- 
selv proportional to the distance between source 
and observing station, with the additional con- 
dition that the product is subject to strong 
diurnal variation due to different attenuation 
in light and dark. It should be remarked 
that in a paper dealing with the waveform 
observations, an inverse square root law of 
diminution with distance was assumed and 
supporled for thc low frequency or funda- 
mental waveforms. The present data, although 
too limited as a basis for the enunciation of a 
law, indicate that the law for the 10 kc. compo- 
nent ргођађју lies between an inverse square 
root and an inverse first power law. A com- 


parison of the products EK and KVE against 
local time at the mid point of the path is 
shown in Table IV, which is satisfactory: agree- 
ment with the known diurnal variation curves 
for long wave propagation. This crude com- 
parison may be regarded as, a hopeful first 
step in another of the outstanding major 
problems of the geophysical studv of atmosphe- 
rics, namely the examination of the relation 
hetween form of atmospheric (in the most gene- 
ral interpretation of forin) and the circumstan- 
ces of origin and propagation. In the absence 
of measurements of the wave forms, it is not 
possible to test the value of the moment des- 
Iroved, but on reasonable assumptions as to the 
ratio of the 10 kc. term to the fundamental, the 
order of inagnitude of the moment agrees with 
that from short range measurements. 


6. Intensity of Disturbance. — In a paper 


entitled « Directional Recording of Atmosphe- 


rics » (*) will be found a figure showing the 


(°) Jour. I. E. E., June 1926. 
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monthly mean curves of integrated intensity of 
disturbance at each hour of the day reduced 
from the records of the directional recorder at 
Aldershot for the years 1922 and 1924. The 
general nature of the seasonal variation is that 
throughout the year there is a principal maxi- 
mum which occurs on the average about mid- 
night and a principal minimum between 10 and 
12 hours local time. The secondary maximum 
attains great prominence about 14 hours in 
summer alternoons but fails to appear in mid- 
winter. In general this data may be interpre- 
téd as agreeing with the picture which repre- 
sents atmospherics as coming in from great dis- 
lances at all times, but with greatly increased 
facility during the hours of darkness, South 
American sources providing a maximum distur- 
bance along the easy dark path round midnight 
G. C. T. The non-production of atmospherics 
over the Pacific strikingly shown by the world 


map of sources will account for the falling dis- 


turbance after midnight; the summer afternoon 
maximum is a symptom of the comparatively 
local disturbance represented in the world map 
by the closely clustered European sources during 
the afternoon hours of the European summer. 

The principal maxima and minima shown by 
these monthly curves are closely related to the 
limes of local sunrise and sunset, as is shown by 
figure 10 p. $3 of the paper referred to; the 
principal minimum of disturbance in April 
however, falls relatively late. This anomaly is 
found in the data from a considerable number 
of overseas stations. Fuller examination of the 
Aldershot curves will show that there are two 
minima approximately two hours apart, of 
which one or other predominates at different 
times of the year. It would appear then that 
oscillation between these two adjacent minima 
occurs also at the widely distributed stations for 
which partial data are available, but no explana- 
tion can at present be offered of this almost uni- 
versal anomaly in a local time effect. 


7. The Range of Atmospherics. An acute 
divergence of opinion has for many years pre- 
vailed between different groups of investigators 
as to the average distance from its source at 
which an atmospheric may produce notable dis- 
turbance in the reception of radiotelegraphic 


od 


signals. In particular Bellescize and Bureau in 
France have considered that the average atmos- 
pheric received at any station has probably ori- 
ginated within 100 km. On the other hand 
many observers British, German and American 
have concluded that on the average atmosphe- 
rics are received froin a radius of some thou- 
sands of kilometres. The computations referred 
to in the first section of this note were carried 
from the point already mentioned, at which it 
had been shown that the field from comparati- 
vely near sources were such as would be pro- 
duced by the destruction of a moment equal to 
that measured by Mr. C. T. R. Wilson in the case 
of British lightning, and it was shown that the 
destruction of a moment of this magnitude with- 
in the time of duration of the average atmosphe- 
ric would produce, at a distance of 3,000 km, a 
field strength which was in fact the one most 
[requently measured during the waveform ob- 
servations, namely 60 millivolts per metre, and 
it was further shown that the comparatively 
insensitive methods used in the waveform work 
would detect the radiation from the destruction 
of such a moment at a distance over 10,000 km. 
^n interesting direct test of the interferent range 
of atmospherics was organised by the Royal 
Meteorological Society. By the very kind co- 
operation of the British Broadcasting Corpora- 
lion the committee responsible for the investi- 
gation were enabled to circulate to a group of 
observers distribuled throughout Western Eu- 
rope, North Africa and Madeira, typescripts of 
talks to be broadcast from the London and Da- 
ventry stations. At the actual time of the 
broadcast, the observers marked the syllables 
and spaces which were overlaid by atmosphe- 
rics, and then returned the typescripts to a re- 
duction centre. ‘There tabular comparisons 
were inade in which ordinates represent units 
of time identified by spoken syllables which 
were thus employed as tinie marks, while a 
column was allotted to each observer, an identi- 
fication number being assigned to each for 
brevity. It was clear from these tabulations 
that we were dealing nol with streams of atmos- 
pherics peculiar to cach receiving station and 
coinciding only at random moments, but very 
clearly with conditions in which a single dis- 
turbance made itself felt over the greater part 
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of the observing network at опсе. From the 
indications of tlie directional recorders and from 
observations made with the single cathode ray 
direction finder at Radio Research Station, it 
Was possible to co-ordinate data as to position of 
source and the resulting disturbance in the fol- 
lowing manner. The plotting of the recorder 
data indicated the position of the predominant 
source of atmospherics at the hour of observa- 
tion. The cathode ray direction finder indica- 
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ted that а particular atmospheric identified as 
to time of incidence by its effects on a specific 
svllable reached Radio Research Station along a 
great circle passing through the source indica- 
led by the recorders, and thus very probably 
proceeded from that sourcc. The records from 
the aural observers indicated that the syllable in 
question was disturbed at various stations, and 
that therefore again in all probability the atmos- 
pherie which produced this disturbance procee- 
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FIG. 8. 
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ded from the source located by the recorders. 
Atmospherics originating near the Azores were 
heard in Spain, France, England, Ireland and 
Scotland, atmospherics from the Atlantic dol- 
drums were heard in Morocco, Spain, England, 
Ireland, Scotland and Norway, i.e. up to dis- 
tances exceeding 7000 km. from the source. 
One of the principal foundations of Captain 
Bureau’s conclusion as to the sliort effective 


dio Research Station. Figure 8 shows the cur- 
ves logether, while Table V shows the time of 
incidence of the principal features of the atmos- 
pheric curves to agree very much more closely 
than do the features of the atmospheric record 
with those of the wind record. 


8. Terrestrial Magnetic Influences. — Figure 
9 shows the curve of atmospheric disturbance 


dY more 


| | d] normal 


Verlio | (om ponen/. of 


£arlhs Field 


Lind of Share le mp Trace 


FIG. 9. 


range of atmospherics is a correlation which he 
has traced by curve matching between peaks in 
the curve of atmospheric disturbance at а 
French station, and special features of the ane- 
mogram at the same station. Since wind struc- 
ture is known to be very definitely a local phe- 
nomenon, the inference from this correlation 
would certainly be that the atmospherics recor- 
ded are also local. A comparison has been 
made, for a day on which the atmospheric record 
and the anemogram for a French station have 
been published by Bureau, between the French 
atmospheric record and a record of integrated 
disturbance on a narrow long-wave band at Ra- 


on a long-wave band on the occasion of the 
most severe magnetic storm of 1926. It will be 
seen that at the times when the rate of change of 
the vertical component of the earth's magnetic 
field assumed high values, the atmospheric dis- 
turbance rose to some four times normal. This 
(уре of effect must be investigated more fully 
as the quantitative recording of atmospherics 
proceeds. 


9. Conclusion. — It has not yet been possible 
to refer to the work now in progress in collabo- 
ration with Prof. E. V. Appleton on the distri- 
bution of the energy of atmospherics through- 
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oul the radio frequency spectrum. This work 
is essentially slow and must be continued for a 
considerable period before definite conclusions 
can be drawn. 


Thanks are due to the Radio Research Board 
established under the Department of Scientific 
and Industrial Research for granting facilities 
for the work and for permission to make this 
communication. Thanks are also due to the 
staf of the Radio Research Station for their 
enthusiasm and untiring collaboration, to the 
Post Office for their collaboration in the indivi- 
dual direction finding work, and to the Admi- 
ralty for permission to refer to the results 
obtained in the cruise of H. M. S. « Yarmouth ». 


TABLE I. 
r- |ку |Р— | ва | 
Е | 56 | 54 | 493 | 104 | mv/m 
A 
D | 2680 | 2160 | 2580 | 1865 | us 
ғ | Ji u | мо | ив | пут 
Q | 


» | 2590 | 9195 | 1325 | 1508 | us 


TABLE II. 


———————————————————————É———— w—Í——uanÓ — 
km. v/m. e. s. u. Moments calculated from 
"t Erao. | Ess. Eran. Ess. 


100 |>0.3 » 0.6 > 1.1 x 1017 > 2.0 x 1016 
300 0.2 0.3 1.9 x 4017 2.7 x 4017 
600 0.16 0.03 2 3 x 10" 2.2 x 1017 
TABLE III. 
LATITUDK | LONGITUDE | N° OF FORMS DRAWN 
ENGLAND 54 1/49 № 3/40 W 8 000 
AUSTRALIA 81 1/49 S 116 {/, E 1.000 
EGYPT 300 N 31 1/,0 Е 10.000 
SUDAN 4514.9 № 321/, E 9 000 


TABLE III (continued) 


E ane Lad nl cin 


ENGLAND 50 30 8 5 5 

N AUSTRALIA 20 3i 15 32 3 
L EGYPT 55 99 44 3 3 
SUDAN 50 30 15 3 3 
ENGLAND 50 10 100 100 180 

E AUSTRALIA 95 74 118 116 60 
mv/m | gGypr 89 87 133 93 89 
SUDAN 105 89 965 116 65 
ENGLAND 9900 9600 3900 4000 | 9200 

D | AUSTRALIA 9170 1680 9880 9960 | 3130 
BS | EGYPT 1630 9370 3090 3330 | 3310 
SUDAN 1960 1160 9410 3040 | 3280 

TABLE IV. 


Diurnal Variation of Field. 


Local time 
at mid path. 


Ci Ek 118 
EV à 1700 


110| 874| 81| 78| 39 
1650|4500|1935|1950|550 580 


TABLE V 
November 18-19, 19268 
MONT VALERIEN DITTON PARK 


Feature. Ampl. Time. А. T. 6T. 
X 6 1038 37 1052 14 

sudden rise 0-20 45 30-39 1100 15 
X 24 56 43 06 10 
X 30 1105 38 15 10 
X 42 06 43 16 10 
X 20 13 42 23 10 
X 18 20 41 31 di 
N 8 24 33 35 11 
X 24 25 42 31 12 
X 20 20 41 40 11 
Х 22 38 37 49 11 
X 22 45 38 57 12 
X 12 52 35 1202 10 
N О 1201 31 12 ii 
X 12 08 41 18 10 
X 12 11 42 21 10 
X = Peak. N = Trough. 
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MONT VALERIEN DITTON PARK 


Feature Ampl, Тіме. A. T. oT. 
X 8 19 : 42 31 12 
X 6 32 44 44 12 
X 8 37 45 47 10 
X 8 1304 — ? — 
X 18 1047 40 1417 10 
X 22 14 42 22 8 
X 32 21 41 30 9 
X 42 27 40 36 9 
X 48 34 38 43 9 
N 20 36 29 47 41 
X 50 39 — — — 
Х 42 46 36 57 44 
N 20 1500 0 1507—11 — 
X 48 07 37 16 9 
Х 58 11 46 22 11 
X 44 15 -— — — 
Х 7 4555 30 1606 11 
X 78 59 38 10 11 
N 5 1604 27 15 di 
X 24 07 36 17 10 
X 58 14 37 23 9 
X 54 19 39 28 9 
X 46 2D 41 37 12 
X 49 31 40 40 9 
М 28 35 25 43 8 
X 71 45 33 51 8 


MONT VALERIEN DITTON PARK 


Feature. Ampl. Time. А |. er. 
sudden fall 74-34 54 35-23 1703 9 
X 41 1702 — — — 
Х 11 12 36 20 8 
Х 6 18 : 36 20 8 
X 10 25 33 36 11 
N 31 40 22 52 12 
sudden rise to 
X 46 45 32 58 13 
sustained to 41 1800 31 1800 6. 
М 6 04 19 11 T 
X — -— 20 14 — 
X 21 14 25 20 6 
М 17 28 
М 17 38 
X Marked 28 21 39 11 
« brouillage 
industriel » 
19 40 
52 
1900 
04 
11 No record 


15 at Ditton Park. 


12, 54 ра ра ра а AMSA 
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UTILISATION DE L'ENREGISTREMENT DES ATMOSPHERIQUES 
DANS L'ANALYSE METEOROLOGIQUE 


par ROBERT BUREAU. 
Office National Météorologique, Paris. 


Les atmosphériques sont presqu'uniquement 
une manifestation électrique de l'atmosphère 
inférieure (troposphère). Ils sont d'autant plus 
nombreux et violents que les mouvements verti- 
caux qui brassent celte atmosphère sont plus 
intenses. Inversement, toute cause qui s'oppose 
à l'existence de ces mouvements verticaux pro- 
voque également la disparition des atmosphéri- 
ques, ou tout au moins les atténue dans une très 
large mesure. 

On peut donc considérer que les atmosphéri- 
ques sont l'expression électrique de l'agitation 
verticale de l'atmosphère dans un certain rayon 
autour de chaque appareil récepteur. Ils sont en 
quelque sorte « l'intégrale » de cette agitation 


verticale dans un volume (*) qui est fonction de 
la portée pratique des atmosphériques, ce volu- 
me élant probablement variable avec la fré- 
quence ‘sur laquelle est réglé l'appareil récep- 
teur. | 

Suivre l'évolution des atmosphériques dans 
une station isolée à l'aide d'un enregistrement 
du phénoméne nous aidera donc à suivre l'évo- 
lution des masses d'air avoisinantes vers une 
plus grande instabilité ou vers une plus grande 
stabilité verticales. Or le degré de stabilité ver- 


(^) De méme que la pression barométrique est l'intégrale 
du poids des différentes masses d'air qui s'étagent au-dessus 
du baromètre. 
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ticale d'une masse d'air est, parmi toutes ses 
propriétés, l'une des plus précieuses à connaitre 
en météorologie dynamique et dans la prévision 
du temps. 

Une nouvelle étape sera franchie dang l'appli- 
cation des atmosphériques à la météorologie 
quand, au lieu d'utiliser la courbe représenta- 
tive de l'évolution du phénoméne en une station 
isolée, on pourra utiliser les mémes courbes re- 
latives à plusieurs stations réparties sur une suf- 
fisante étendue de territoire (étude en réseau). 
Cette étude en réseau donne déjà des résultats 
dignes d'intérét quand on utilise non pas les en- 
registrements d'appareils, mais simplement les 


observations à l'oreille faites avec méthode dans, 


un réseau de postes récepteurs. 


8 1. — Utilisation des enregistrements 
d'une seule station. 


Les exemples qui suivent sont relatifs aux at- 
mosphériques enregistrés près de Paris, soit à 
Saint-Cyr, soit au Mont Valérien, par les soins 

mE 7 - C CHA ] 
Courbe résumée, 13 au 15 juillet 1928, 


ИТ "Tr || || 
Du ü ri i 
HTH rr 
F16. 1. 
f = 136 Ke/s (2,200 m.). 


4 о 2 NER 
Aumosphériques-Mont-Valérien. 


de l'Office National Météorologique. А Saint-Cyr 
on enregistre le nombre d'atmosphériques par 
unité de temps et au Mont Valérien, « l'activité » 
des atmosphériques. 

a) Les 18 et 14. juillet 1928, les carles isobari- 
ques semblent n'indiquer rien d'autre que la 
prolongation de la situation anticyclonique 
préexistante. Par contre, l'enregistrement des 
atmosphériques (fig. 1) révèle l'apparition d'un 
régime d'atmosphériques stagnants (*) (crois- 
sance brutale vers 11 h. 30, maximum vers 
15 h., chute progressive jusqu'à 22 h. environ) 


(*) Atmosphériques stagnants : voir R. BUREAU, Comptes- 
rendus Académie des Sciences, t. CLXXX, 1925, p. 529. 


el annonce ainsi la présence probable d'un cou- 


rant de perturbations météorologiques au sud de 


l'anticyclone. Une analyse météorologique plus 
détaillée que le simpic examen isobarique con- 
firme l'existence de се courant de perturbations 
(la figure 2 montre la trace de ce courant au 
sol sur le sud de la France le 13 juillet à 18 heu- 
res) dirigé dans l'ensemble du sud-ouest au 
nord-est. 


b) Du 18 au 28 juillet 1928, la France est en- 
core sous l'action de l'anticyclone. Cependant, 
celte fois encore. la courbe des atmosphériques 


||| 
+ | 
ПИ ||| | 
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| 
| 


pd 


| e 3 


FIG. 2 
Situation météorologique en France, le 13 juillet 1928, 
à 18 heures. 
Légende : 
discontinuité. 


am ша св им ав front froid. 
eecococ front chaud. 
air froid. 
eue —— => air ehaud. 


ne correspond pas à une situation anticycloni- 
que ct ne présente pas la régularité (montée au 
coucher du soleil, haute valeur la nuit, chute 
brusque au lever du soleil) des atmosphé- 
riques d'anticyclone. La figure 3 reproduit la 
courbe de fréquence des atmosphériques du 18 
au 23 juillet. Cette courbe est assez irréguliére 
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et présente de trés grandes différences d'un jour 
à l'autre. Les deux variations diurnes régulières 
(maximum de nuit des atmosphériques d'anti- 
cyclones, maximum d'après-midi des atmosphé- 
riques stagnants) laissent apparaître plus ou 
moins leur action dans l'ensemble. Dans le dé- 
tail, la courbe reflète fidèlement les événements 
principaux de l'évolution météorologique au 
cours de ces six journées. Il serait trop long, et 
surtout cela nécessiterait trop de figures, де le 
montrer ici en délail, 
titre d'exemple ce qui suit : 

Les atmosphériques nombreux du 18 juillet 


(variation diurne du type « atmosphériques 


зз Juillet " „9 Juillet 


BN un. LLC ALLO 
ПАСА ИМ ЊЕ 
eh CCT Mr АДАМ 


EE. USESESEESEATENEERSS 
о МА ОИ АД || 


„22а „25 Juillet М 
тӯ т] 
ab А EE TN ANNEE 


ДИ У Моћ VLLL TT UT 1 


FIG. 3. 


Atmosphériques à Saint-Cyr (fréquence). 
Courbes détaillées, 18 ап 23 juillet 1928, 
f = 50 Kc's (6,000 m.). - 


stagnants ») correspondent à la dernière journée 
de la situation orageuse dont le début fut annon- 
cé par les atmosphériques stagnants du 13. Le 
courant des perturbations météorologiques lon- 
geant le sud de l'anticyclone et qui provoquait 
cette situation et ces atmosphériques cesse en- 
suite et avec lui cessent les atmosphériques stag- 
nants. 

Cette disparition du courant méridionnal ne 
provoque cependant pas la réapparition des at- 
mosphériques nocturnes réguliers. Ceux-ci dis- 
paraissent même presque totalement dans la 
nuit du 21 au 22 et la chute matinale est presque 
entièrement masquée le 23 juillet. Tout ceci est 
la conséquence du passage en altitude des pro- 
longements vers le sud, sous forme d'occlusions, 
des perturbations du front polaire dont le cou- 
rant de perturbations longe au nord l'anticy- 


signalons seulement à 


clone (coincidence des maxima de la courbe d'at- 
mosphériques avec le passage des occlusions à 
Paris, occlusions à caractére de front froid, dis- 
parition des atmosphériques due à un affaisse- 
ment accentué des masses d'air). L'influence du 
courant de perturbations septentrional a donc 
remplacé celle du courant méridional pour com- 
mander, malgré l'aspect anticyclonique de la 
situation, l'évolution des atmosphériques. 


c) Il n'en faudrait pas conclure que, pour une 
raison ou pour une autre, les atmosphériques 
d'anticyclone sont toujours absents des anticy- 
clones. On trouve un bel exemple de variation 
diurne anticyclonique pendant les premiers 
jours de septembre 1928 (fig. 4). Ces beaux 
exemples se rencontrent souvent en France 


FIG. 4. 


Atmosphériques-Mont-Valérien. 
Courbe résumée, 2 au 5 septembre 1928, 
[ = 555 Кс/5 (540 m.). 


lorsqu'on se trouve au sud-est de l'anticyclone, 
lans des vents d'est 

D'autres exemples de maxima nocturnes ré- 
suliers, surtout par la fixité des heures de crois- 
sance le soir et de décroissance le matin, se 
rencontrent en hiver méme en dehors des anti- 
cyclones lorsqu'on se trouve loin du trajet des 
discontinuités météorologiques. - 

Les trois exemples d’élé que nous venons de 
donner montrent comment l'évolution des at- 
mosphériques en une station permet, en période 
anticyclonique, d'acquérir une indication quali- 
tative sur l'extension de l'anticyclone en altitude 
et sur lorigine des masses d'air qui circulent 
par-dessus les couches basses de cet anticvclone. 
Nous avons vu que ces masses d'air peuvent être 
amenées soit par un courant de perturbations 
méridional (pseudo front polaire), soit par un 
courant de perturbations septentrional (front 
polaire). Sur le mécanisme différent de leur ac- 
tion, nous n'avons pas à nous étendre ici, il fera 
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l'objet d'autres publications. Qu'il nous suffise 
d'avoir indiqué de quelle manière l'étude d'une 
courbe d'atmosphériques peut devenir une « aé- 
rologie indirecte » (*). 

L'étude comparée des courbes obtenues simul- 
tanément dans un réseau de stations peut nous 
apprendre plus encore sur la structure де l'at- 
mosphére en altitude. 


$ II. — Utilisation des relevés d'un réseau 
de stations. 


Les deux exemples que nous allons signaler 
sont relatifs non pas à des enregistrements, mais 
à de simples relevés d'observations effectuées au 


Le Hours . 21.6.26 


FIG. 5. 


Évolution des atmosphériques en France, 
les 21, 22 et 23 juin 1926. 


moms d'heure en heure, aussi longtemps que 
possible chaque jour, et quand on le peut au 


(*) Nous n'avions pas employé ce mot dans la communi- 
cation orale faite à Bruxelles. Nous l'empruntons à l'ouvrage 
de Tor Bergeron, paru depuis (« Uber die dreidimensional 
verknüpfende Wetteranalyse-Geofysiske publikasjoner, vol. V, 
n9 6; Oslo, 1928) dans lequel l'auteur expose les méthodes 
météorologiques d'analyse constituant une aérologie indi- 
recte étonnamment précise. Le présent travail n'est qu'une 
trés modeste contribution électrique dans le méme sens. 


cours des vingt-quatre heures, par un réseau de 
postes récepteurs de T.S.F. 


A) Cas рез 21, 22 ет 28 suin 1926. — La fi- 
eure 5 donne l'évolution, au cours de ces trois 
journées, des parasites atmosphériques à Saint- 
Cyr (20 kilométres ouest de Paris), Le Havre, 
Montélimar, Cazaux (au sud-ouest de Bordeaux). 
On voit tout d'abord à quel point les courbes 
différent le méme jour d'une station à l'autre et 


. dans une méme station d'un jour à l'autre. 


D'autres renseignements nous sont fournis 
sur ces trois journées par les cahiers de récep- 
lion radiotélégraphique des postes météorologi- 
ques francais. D'aprés cette documentation — 
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FIG. 54. 


Emplacement des principales stations d'observation 
des atmosphériques : 


L. H. : le Havre. 
St-C. : Saint-Cyr. 
Th. : Thionville. 


T. : Tours. 

C. : Cazaux. 

M. : Montélimar. 
I. : Istres. 


relativement trés homogéne, mais incompléte, 
car la plupart des postes sont fermés la nuit — 
la journée du 22 juin est la plus troublée de la 
deuxiéme quinzaine du mois. D'autre part pres- 
que tous les brouillages provoqués par les at- 
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mosphériques sont localisés dans l'est de la 
France (Lyon, Mulhouse, Nancy, Strasbourg, 
Thionville) et en Rhénanie (Мауепсе) et sont si- 
gnalés à partir de 10 heures du matin. 

L'influence de cette zone d'atmosphériques 
foris se fait sentir au-delà de la zone affectée par 
les brouillages. Voici quelques renseignements 
à ce sujet. 

Thionville. Augmentation brusque des atmos- 
phériques vers 10 h., diminution provisoire à 
14 h. 30 et trés forte augmentation vers 15 h. 30. 

Saint-Cyr. Augmentation vers 9 ou 10 h. (l'in- 
tensité augmente d'abord vers 8 h. 30 puis la 
fréquence vers 10 h.) puis atmosphériques forts 
à partir de 12 h. 

Tours. Brusque augmentation de l'intensité à 
13 h., de la fréquence à 14 h. Affaiblissement à 
17 h. 30. 

L'influence де la zone de brouillage de l'Est 
se fait donc sentir à Saint-Cyr et à Tours. Mais 
à Tours, elle est beaucoup plus affaiblie qu'à 
Paris. Elle s'y manifeste plus tard et y disparait 
plus tót. 


Le Havre. La méme influence se manifeste en- 
core, mais à un degré moindre. En particulier 
les atmosphériques assez forts n'apparaissent 
que vers 12 h. 

En d'autres régions de la France, l'action de 
la zone de brouillage de l'Est de la France ne se 
retrouve plus, ou tout au moins, se trouve noyée 
dans d'autres phénoménes 

А Montélimar, on n'observe pas de disparition 
d'atmosphériques au cours de la matinée. Ce fait 
est exceptionnel. 


A Istres, Vintensité des atmosphériques est 
plus grande le 22 que les 21 et 28. Les atmosphé- 
riques y sont en croissance continue à partir de 


12 h. 


Mais à Cazauz, lévolution des atmosphéri- 
ques au cours de ces trois journées est totale- 
nent différente. Aucun le 21 (calme plus affir- 
mé que les jours normaux). Le 22, atmosphéri- 
ques de force et fréquence moyennes avec maxi- 
mum vers 10 h. et diminution l'après-midi. Le 
23 par contre, atmosphériques violents et irés 
nombreux dés la première observation (5 h.). 
Diminution rapide dés 15 heures. 

Au Maroc (Rabat), les courbes atmosphériques 
n'ont aucun rapport avec celles de France. Le 


22 en particulier, deux périodes d'atmosphéri- 
ques violents (9 h. à 11 h. et à partir de 14 h.)) 
sont séparées par une accalmie. 

En résumé, méme avant d'examiner la situa- 
tion météorologique, et par le simple examen sy- 
noptique de l'ensemble des observations d'at- 
tosphériques dans un réseau de postes, on peut 
déjà constater : 

a) Que des atmosphériques particulièrement 
violents sévissent dans l'Est de la France et y 
sont généralisés dés 10 h. du matin. 

b) Que, si l'on retrouve dans le Nord et le 
Centre de la France une répercussion probable 
des atmosphériques de l'Est, il n'en est plus de 
штете dans le Sud, le Sud-Ouest et au Maroc où 
l'évolution des atmosphériques n'a plus guére 
de rapport avec ce qui se passe dans l'Est du 
pays. 

Voici maintenant un résumé trés succinct de 
la situation météorologique : 

1° Tandis que l'anticyclone des Açores s'étend 
sur le Sud-Ouest de la France depuis le 19 juin, 
une invasion polaire venant du Nord-Ouest, 
vient brutalement chasser une masse d'air con- 
timental trés chaud (vent du Sud) qui couvrait 
auparavant l'Allemagne du Nord, provoquant 
de nombreux orages sur l'Allemagne centrale 
et un temps de traine (nuages bourgeonnants, 
éclaircies, elc... au total indices d'une atmos- 
phére à gradient thermique vertical accentué 
et donc trés instable) sur l'Est de la France. L'en- 
semble de ces phénoménes est sans aucun doute 
la source des atmosphériques violents de l'Est 
de la France. 

2° Le Sud-Est de la France est sous l'action 
d'une dépression qui s'étend sur l'Italie et qui 
renforce l'appel d'air polaire dans la région du 
Rhóne. D'oà probablement, sous l'action prédo- 
minante de cet air polaire instable la destruction 
des caractères normaux de la variation diurne 
à Montélimar (croissance les matins des 21 et 
22). 

3° Le Sud-Ouest de la France est sous l'action 
d'un courant de perturbations qui, en apparence 
tout au moins, longe en sens inverse des vents 
au sol l'anticyclone par le Sud. Est-ce là l'un de 
ces courants de perturbations indépendants du 
front polaire et dont l'intervention en France y 
déclenche en été le vacarme post méridien des 
almosphériques stagnants? (Voir plus haut para- 
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graphe I.) L’observation des courbes d'atmo- 
sphériques nous améne à rejeter cette hypothése: 
le courant de perturbations du Sud de l'anticy- 
clone a sur l'évolution des atmosphériques les 
effets classiques d'un courant de perturbations 
du front polaire principal: ses noyaux de baisse 
barométrique y provoquent la diminution anor- 
male des atmosphériques (voir Cazaux le 21). Et 
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FIG. 6. 


Situation météorologique sur l'Atlantique et sur l'Ouest 

de l'Europe, le 21 juin 1926, à 1 heure du matin. 

Courbe en tralts pleins : isobares 760 mm. 

Courbe en traits interrompus : courbes de variation 
barométrique nulle. 

+: régions de variations barométriques en 24 heures 
positives. | 

— : régions de variations barométriques еп 24 heures 
négatives. 

À : Anticyclone atlantique. 


ses novaux de hausse у provoquent des atmos- 
phériques violents aux heures les plus quelcon- 
ques, et méme aux heures de calme normal 
(à 10 heures Cazaux le 23). 

L'observation des atmosphériques nous améne 
donc aux conclusions suivantes : | 


a) Le courant de perturbations méridionales 
n'est qu'une branche dérivée du front polaire, 
et non un pseudo front indépendant de celui-ci. 


b) Le Nord et le Centre de la France se 
trouvent dans la masse d'air polaire dont la 
partie principale a envahi l'Allemagne. 

c) Une partie de cette masse d'air est descen- 
due vers le Sud-Est de la France, attirée par la 
dépression méditerranéenne. 

d) Le temps sur le Sud-Ouest de la France est 
commandé par les masses d'air qui circulent en 
altitude au Sud de l'anticyclone atlantique. 

Une analvse météorologique détaillée confir- 
те ces conclusions En particulier l'examen des 


carles météorologiques de l'Atlantique Nord au 
cours des journées étudiées et des journées pré- 
cédentes montre bien que les perturbations qui 
touchent le Sud-Ouest de la France ne sont que 
la partie méridionale de perturbations du front 
polaire qui ont été scindées en apparence par 
l'anticyclone atlantique (fig. 6). 

Jointe aux autres moyens d'analyse météoro- 
logique, l'étude synoptique de l'évolution des 
atmosphériques facilite dans une trés large me- 
sure l'analyse des masses d'air et des surfaces de 
discontinuité, 


B) Cas ро 27 дост 1928. —- Les observations 
d'atmosphériques assurées en France au cours 
de cette journée montrent que ceux-ci ont évo- 
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27 août 1928: a, b, c, régions dans lesquelles les atn? osphé- 
riques évoluent de la méme manière (voir le texte). — 
Dans la région e, aucune observation. \ 
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* 


lué de manière différente en quatre гботств 
(fig. 7). 

a) Dans la région parisienne et dans la Tou- 
raine, assez grande activité des atmosphériques 
méme aux heures habituelles du minimum 
diurne, Ceci correspond au caräctère classique 
de la masse d'air polaire qui recouvre ces ré- 
gions. | 
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b) Dans l'Est de la France et en, Rhénanie, 
atmosphériques forts apparaissant dans la jour- 
née mais à des heures successives (Thionville 
vers 8 h., Mayence vers 14 h.). lls sont liés à la 
formation et aux mouvements d'un front se- 
condaire dans la masse d'air polaire. 

c) Dans le Sud de la France, matinée trés 
calme, mais atmosphériques forts apparaissant 
assez brutalement à 18 heures (*). 

Cette évolution est due à l'action successive 
d'un front chaud (fig 8) puis d'un front froid 
apparaissant sur la gauche de la langue d'air 
chaud. 

d) Dans le Sud-Ouest et une partie du Centre 


||| 


| 


* 300200 900 300 ЛО 
FIG. 8. 
27 août 1927. Situation à 8 heures. 
Zone hachurée = zone de pluie. — Pour les signes 


conventionnels, voir figurc 2. 


de la France, journée (les observations n'y ont 
été faites que de 5 à 18 h.) remarquablement 


(*) Cette évolution est relativement locale puisqu'on пе la 
retrouve ni dans le Nord, ni au Sud: en Tunisie (Bizerte), 
calme presque complet de 4 heures à 18 heures au Maroc 
(Rabat), calme de 9 heures à 11 heures; dés 11 heures, 
accroissement continu des atmosphériques. 


calme. Au premier examen ce calme peut pa- 
raitre anormal. Cependant il trouve sa contre- 
partie dans l'aspect des nuages observés. Dans 
la région considérée les nuages présentent beau- 
coup moins qu'ailleurs les caractères bourgeon- 
nants révélateurs d'une grande instabilité verti- 
cale. Ces deux séries d'observations, celle des 
nuages et celle des atmosphériques vont nous 
aider à donner une interprétation des phénomé- 
nes que voici 

L'air chaud décelable au sol sur la cóte médi- 
terranéenne continue en altitude son chemin 
vers l'Ouest et le Nord au-delà du front froid F 
(fig. 8). П circule alors au-dessus de l'air froid 
non seulement sans mouvement ascendant no- 
lable, mais probablement avec une composante 
descendante par suite de l'affaissement de l'air 
polaire sous-jacent (*). Puis il rencontre sur la 


FIG. 8a. 
Coupe verticale suivant AB de Ја figure 8. 


cóte atlantique un renforcement de la masse 
d'air polaire dont l'épaisseur augmente. L'air 
chaud est de nouveau soulevé (front chaud en 
altitude) et provoque des pluies continues dans 
le Sud-Ouest de la France. Or l'affaissement des 
masses d'air est l'unc des principales causes de 
la disparition des atmosphériques (**). D'où 
l'absence d'atmosphériques notables dans la ré- 
gion d. 

C'est ainsi que des observations qualitatives 
trés simples sur l'évolution des atmosphériques, 
assurées dans un réseau de postes, peut aider 
à préciser la structure de l'atmosphére en alti- 
tude. 


(^) Cet affaissement est, incomplétement réalisé, le méme 
phénoméne que celui signalé par M. Petitjean en Algérie оп 
il est assez fréquent. M. Petitjean a montré que dans ce 
pays, lair chaud peut en s'abaissant entre deux masses 
d'air froid qui s'écartent, descendre jusqu'au sol (phéno- 
mène inverse de l'occlusion). 

(**) R. BUREAU, La Météorologie, T. MI, Nouvelle série, 
1927, p. 287. 
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EXPERIENCES DE COMMUNICATIONS PAR ONDES 


COURTES 


par G. PESSION et G. MONTEFINALE. 


1. Premières expériences. — Dès 1911, année 
où fut inaugurée la première liaison radiotélé- 
graphique entre la station à grande puissance 
de Coltano et la station analogue de Massaua, 
la Marine royale italienne fut chargée de l'exploi- 
tation des services radiotélégraphiques d’État et 
commerciaux avec les deux colonies italiennes 
de l'Afrique Orientale et, ultérieurement, avec 
d'autres localités étrangéres et coloniales, de 
méme qu'avec les navires de guerre ou de com- 
merce, dispersés dans des mers lointaines. 

L'exploitation de ces services permit aux tech- 
niciens de la Marine royale d'étudier et d'appli- 
quer de nouvelles améliorations. 

Pour ce qui concerne les ondes courtes, dés 
1923, grace aux expériences du sénateur Mar- 
coni, on comprit et on apprécia les remarquables 
avantages techniques et économiques que lon 
pouvait obtenir par l'emploi dans les radiocom- 
munications transocéaniques et lranscontinen- 
tales, des trés hautes fréquences. 

Pour les premiéres expériences on employa 
des fréquences d'environ 2,400 Kc/s (ondes de 
195 métres) avec des émetteurs d'environ 2 Kw 
à l'alimentation des triodes. Ces appareils furent 
construits et montés dans la station radiotélé- 
graphique transcontinentale de Rome 5. Paolo 
(I. D. O.). 

Pendant le jour, les appareils atteignirent nor- 
malement une portée approximative de 600 kilo- 
métres, tandis que pendant la nuit les signaux 
émis sur 125 métres étaient percus méme de 
Massaua (3,900 kilomètres). 

La puissance de ces appareils, alimentés uni- 
quement avec du courant triphasé industriel, 
fut portée ensuite à 3 Kw, en expérimentant des 
schémas, des antennes et des contrepoids de dif- 
férents types. 

Lors du voyage en l'Amérique du Sud du 
R. N. San Marco, commandé par le Prof? Alberto 
Alessio, capitaine de vaisseau, l'Arsenal Royal 


de la Spezia installa sur ce navire, avec la coo- 
pération d'un jeune amateur, M. Ducati, le pre- 
mier poste mobile à ondes courtes. On put effec- 
tuer des expériences trés intéressantes entre le 
vaisseau et la station de 5. Paolo; ces expériences 
confirmérent pleinement les résultats obtenus 
antérieurement par le sénateur Marconi, résul- 
tats qui avaient déjà été entrevus au cours des 
essais effectués par plusieurs amateurs italiens 
et étrangers. 

En janvier 1924, au cours d'une expérience 
de service pratique, d'une durée de 18 jours, 
on put transmettre à la station. de Massana 
11,545 mots taxés; pour 1,599 desquels seule- 
ment répétition fut demandée. 

Cette expérience fut effectuée avec une station 
située dans une localité tropicale, où l'on ressent 
très fort l'influence des perturbations électro- 
almosphériques qui auparavant, avaient tou- 
jours rendu pénible le trafic à ondes longues. 
Cette expérience fut le point de départ, à la 
station de S. Paolo, d'une extension progressive 
des trés hautes fréquences. 


2. En décembre 1924 on substitua au premier 
appareil de 2,400 Kc/s de fréquence, un autre 
plus perfectionné d'une puissance primaire de 
7 Kw environ et de 2,830 Kc/s (106 métres) de 
fréquence. | 

Les résultats ainsi obtenus furent considéra- 
bles : les signaux de S. Paolo furent percus net- 
tement à Massaua en janvier 1925, pendant 
14 heures sur 24; alors que, avec l'émetteur 
Poulsen de 250 Kw et de 27 Kc/s (presque 
11,000 métres), on n'avait pu communiquer uti- 
lement que pendant 6 heures environ par jour. 

Au cours d'une autre expérience d'une durée 
de 20 jours (janvier et février 1925), on put 
transmettre à Massaua 19,687 mots taxés, pour 
60 desquels sculement on demanda répétition. 
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Ce pourcentage n'avait jamais été atteint avec 
un émetteur à ondes longues de 215 Kw. Il est 
à remarquer que dans la nuit du 6 au 7 février 
(époque des grands orages dans les vallées éthio- 
piennes), la station de Massaua signala des dé- 
charges orageuses. 


Ces résultats contrastaient beaucoup avec les 
difficultés qui caractérisérent de 1910 à 1926, 
les communications à ondes longues entre l'Éry- 
thrée et l'Italie, non seulement lors de l'emploi 
des vieux appareils de grande puissance à étin- 
celle, mais aussi aprés la mise en exploitation 
de la transmission à arc Poulsen Rome-Massaua. 

Vers la fin de 1925 le trafic total de S. Paolo 
pour la fréquence de 2,800 Kc/s s'élevait men- 
suellement à 42,000 mots. 


П faut remarquer que le méme émetteur de 
2,800 Kc/s était utilisé pour des liaisons uni- 
latérales avec des navires de guerre stationnant 
dans l'Extréme-Orient et pour des expériences 
avec des navires de l'Océan Atlantique. En no- 
vembre 1925, la station de S. Paolo put se main- 
tenir en communication ininterrompue avec le 
transatlantique Duilio en route pour New-York, 
il transmit pendant la traversée, 4,500 mots, qui 
furent recus avec une régularité parfaite jusqu'à 
l'entrée dans le port américain. En méme temps, 
la station de S. Paolo établissait avec un navire 
de guerre stationnant à Colombo, une commu- 
nication bilatérale d'abord à la fréquence de 
3,300 Kc/s (environ 90 mètres), et ensuite à celle 
de 4,290 Kc/s (70 métres environ). 


Ce méme navire, pendant son séjour à Co- 
lombo, et pendant une croisière sur la côte du 
Somali, maintint un contact nocturne régulier 
avec la station de S. Paolo, en transmettant prés 
de 40,000 mots, et en utilisant une puissance 
primaire de 300 watts. 


Toujours, en utilisant l'appareil de 2,800 Кс /5, 
la station de S. Paolo avait transmis de no- 
vembre 1994 à février 1926, environ 630,000 
mots taxés, à des stations fixes et mobiles situées 


à grande distance, et fonctionnant normalement 
entre 20 et 2 heures T. M. G. 


8. Augmentation de la fréquence d'émission. 
— Dans le but d'éliminer quelques inconvé- 
nients qui se produisaient dans les communica- 


tions avec des postes d'outremer, en employant 
la fréquence de 2,800 Kc/s, mais surtout pour 
diminuer l'influence des décharges atmosphé- 
riques sur la réception rendue difficile méme 
par les phénoménes d'atténuation (fading), on 
décida, au commencement de l'année 1926, de 
construire un appareil de puissance primaire 
de 6 Kw, avec une fréquence de 4,550 Kc/s 
(66 métres environ) remarquablement supérieure 
à celle de l'apparcil précédent. Par la mise en 
service de ce nouvel appareil on obtint immé- 
diatement, des améliorations remarquables dans 
les services à grande distance. 

Cela amena la suppression de la fréquence de 
2,800 Kc/s, et ladoption définitive dans les 
différents services de celle de 4,550 Kc/s. Les 
répétitions de mots dans le service normal furent 
toujours de moins de 2 % des mots taxés. 

Dés lors, on entrevit que méme ayant obtenu, 
par l'adoption d'une fréquence plus haute, une 
immunité plus sensible des perturbations électro- 
atmosphériques, on n'aurait pu réaliser l'avan- 
tage que l'on se proposait d'obtenir d'une pé- 
riode plus prolongée de transmission dans le 
jour solaire, parce que le fonctionnement, de 
jour et de nuit, des ondes de 106 et de 66 métres 
n'était pas suffisamment différent. 

On décida alors la construction d'un appareil 
de la méme puissance, mais avec une fréquence 
d'émission bien plus élevée, on s'arréta sur celle 
de 8,000 Kc/s (37"5 environ) (*). 

En utilisant l'appareil émetteur à onde de 
3/75, on eut l'avantage de pouvoir commencer 


le service avec l'Afrique Orientale avec deux 
heures d'avance sur l'heure où l'on commençait 


habituellement sur l'onde de 66 métres et de le 
prolonger de deux autres heures au matin (**). 


(°) On peut trouver les détails de construction des diffé- 
rents appareils émetteurs et récepteurs à onde courte con- 
struits et montés dans la station de S. Paolo, de méme que 
les résultats obtenus dans le service pratique, dans les publi- 
cations ci-après de l'Institut Electrotechnique et Radiotélé- 
graphique de Ja Marine Royale : 

Brochure по 32 : а. PrssioN et A. Pizzvrr : Contributo speri- 
mentale alla radiotelegrafia con onde corte (1925' ; 

Brochure по 36: G. Prssio et О. MONTEFINALE : Esperienze 
di radiotelegrafia commerciale ad onde corte (1926) ; 

Brochure по 40: б. Pression et б. MONTEFINALE : Il centro 
radiotelegrafico di Roma (S. Paolo, 1927). 

(**) La démonstration de ces résultats résulte des graphl- 


ques contenus dans la publication n^ 36 (voir note précé- 
dente). 
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4. Étendue du réseau. — Les résultats inté- 
ressants indiqués ci-dessus amenérent à герго- 
duire et à étendre l'usage des appareils à très 
haute fréquence; des exemplaires de ces appa- 
reils furent envoyés à des stations fixes loin- 
laines dont l'exploitation était confiée à la Ma- 
rine royale, et qui jusqu'alors exécutaient un 
service unilatéral avec la station de S. Paolo, 
recevant à onde courte et émettant avec des 
appareils Poulsen à onde longue. 

La premiére installation transcontinentale de 
la sorte fut faite au Somali, pour lequel la com- 
munication avec la métropole avait été assurée 
pendant prés de quinze années par l'intermé- 
diaire de la station de Massaua par transmission 
à ondes longues, mais avec де fréquentes inter- 
ruptions dues aux conditions atmosphériques, 
qui parfois se prolongérent pendant deux ou 
trois jours consécutifs. 

L'installation radiotélégraphique de 6 Kw de 
la station de Afgoi permit, dés la première mise 
en service en 1926, la correspondance directe 
entre le Somali Italien et l'ltalie, avec un trafic 
journalier de cette colonie avec la métropole 
de plus de 2,500 mots taxés et une grande amé- 
lioration des communications d'Élat et des com- 
munications privées. 

Ensuite, on mit en service un арраге du 
même type à l'Asmara, il donna des résultats 
identiques; on affecta plus [ага d'autres appa- 
reils aux communications radiotélégraphiques 
d'État et commerciales exploitées par la marine 
entre le Dodecannèse et l'Italie, tandis qu'un 
appareil tout à fait identique fut installé 
dans une station radiotélégraphique d'Extréme- 
Orient, établissant ainsi des communications 
directes avec l'ltalie, à la distance remarquable 
de 10,000 kilomètres. 

Quelques temps plus tard, on porta l'onde 
normale de la station de S. Paolo à la fréquence 
de 9,390 Kc/s (82 mètres environ), elle semblait 
la mieux indiquée à certaines heures, pour les 
communicalions existantes avec les sta- 
tions fixes d'outremer, soit avec les navires de 
guerre ou de commerce dans les océans. 

Parmi les perfectionnements apportés en der- 
nier lieu aux appareils émetteurs de la station 
de 5. Paolo, on doit remarquer l'emploi de 
triodes à anode refroidi pour des puissances de 


soit 


l'ordre de 25 Kw; grâce à ces appareils et à 
l'emploi des ondes de fréquence de prés de 
8,800 Kc/s (84 métres environ), les communi- 
calions à trés grande distance furent beaucoup 
améliorées, de sorte qu'on a pu porter le rayon 
d'action de celle station à 6,000 kilomètres envi- 
ron cn plein jour. 


9. Observations techniques. — Le service in: 
tense et prolongé de la station de S. Paolo a 
permis de faire des observations qui, méme 
nayant pas le résultat d'expériences systéma- 
liques à caractère scientifique, présentent toute- 
fois quelque intérêt. — 

Ce qui fut trés important à constater pour ces 
longues expériences fut la parfaite régularité du 
fonctionnement des ondes courtes. 

Tous les jours, aux heures de service possi- 
bles, connues et déterminées, les signaux sont 
de force constante, uniformes et presque indé- 
pendants des perturbations atmosphériques. 

Les atténuations (fading) ne déterminent pas 
ordinairement de dérangements remarquables 
dans le service au téléphone. 

En général, tout је service avec les stations 
fixes éloignées et avec les navires à l'étranger 
est effectué. de manière satisfaisante en em- 
ployant l'appareil à onde de 32 mètres (6 Kw), 
tandis que celui de 25 Kw (onde de 34 mètres) 
est réservé pour les cas où une plus grande puis- 
sance est demandée. En hiver la station de 
Pékin reçoit beaucoup mieux l'onde де 66 mè- 
tres, tandis qu'en été, celle de 32 mètres, est 
à préférer. | 

Des nombreuses expériences faites, se dessine 
parfaitement је maintien des différentes ondes 
employées à la station de S. Paolo. En descen- 
dant de 106 à 32 métres, on a expérimenté les 
ondes de 106, 80, 66, 50, 40, 34, et 32 métres, 
on remarque aisément que les ondes plus lon- 
gues présentent une différence plus sensible 
entre la portée diurne et la portée nocturne. Avec 
106 ct 80 mètres la portée diurne est trés limi- 
(се, tandis que la nocturne est bien grande 
(presque vingt-cinq fois la diurne avec les dis- 
positifs employés à la station de S. Paolo). 
L'onde de 50 métres a une portée diurne plus 
remarquable. 

Avec l'onde de 40 mètres on commence à no- 
ler les zones de silence pendant la nuit : Ја ré- 
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` ception va diminuant alors rapidement jusqu'à 
une distance de 50 ou 100 kilomètres — suivant 
la puissance — aprés cette zone elle reste incer- 
taine pour une zone plus ou moins étendue, 
suivant la saison et l'heure, pour reprendre 
ensuite et garder son intensité jusqu'à une trés 
grande distance. 


L'onde de 32 métres a une portée diurne su- 
périeure à toutes les précédentes, mais il se pro- 
duit, la nuit surtout, des zones de silence trés 
étendues à des distances variables (skip distan- 
ces) dans un rayon qui, pour la puissance de 
6 Kw, est de 500 à 1,500 kilomètres suivant les 
.saisons. En employant londe de 32 mètres, 
6 Kw par exemple, on peut bien communiquer 
— et en plein jotr — avec les navires sur la 
côte de l'Afrique du Nord ou bien dans l'Égée, 
tandis que la nuit on communique avec diffi- 
culté et pendant certaines heures pas du tout 
avec Rhodes, ni souvent méme avec les stations 
trés proches de La Spezia, La Maddalena, Naples; 
les signaux, au contraire, arrivent très forts à 
Mogadiscio, à Massaua et à Pékin. 

On a pu s'assurer que la zone devient де plus 
en plus immunisée aux décharges atmosphé- 
riques à mesure que l'onde diminue; par exem- 
ple, à la station d'Afgoi, outre l'appareil de 
6 Kw, à onde de 70 métres, on a installé un 
second appareil de puissance inférieure, à onde 
de 30 métres : trés souvent, le soir, la réception 
à la station correspondante de Monterotondo sur 
l'onde де 70 mètres est rendue impossible par les 
perturbations atmosphériques, tandis qu'elle est 
assez facile sur l'onde de 38 métres, de sorte 
quen emploie désormais cette derniére onde 
pour l'échange de la correspondance. 

Nos stations d'Extréme-Orient ont relaté qu'elles 
peuvent recevoir le jour, de maniére satisfai- 
sante et pendant plusieurs heures, les ondes de 
15 métres, ce qui a fait décider l'installation 
d'un nouvel appareil sur cette longueur. 


Le tableau ci-dessous donne la statistique du 
trafic de la station de S. Paolo, depuis l'époque 
(1923) où les ondes courtes firent leur première 
apparition dans les communications expérimen- 
tales à très grande distance jusqu'à ce jour, où 
leur emploi dans ces communications expéri- 
mentales à trés grande distance s'est complète- 
ment affirmé, en concurrence non seulement 


avec les ondes longues, mais aussi avec les sys- 
tèmes de la télégraphie sous-marine. 


Tableau des mots transmis par ondes courtes 
et longues. 


Nombre de mots Nombre de mots 


ANNÉE. transmis par transmis par 
ondes longues. ondes courtes. 

1923 921.924 ES 

1924 875.175 120.930 

1925 1.627.517 630.780 

1926 1.514.574 782.843 

1927 428.800 1.884.750 

1928 119.583 1.033.988 (jusqu'en 

juillet.) 


И est à remarquer que le trafic de la station 
de S. Paolo n'est qu'une partie du trafic com- 
mercial avec l'étranger qui en Italie est presque 
totalement exploité par une société privée, sur 
l'activité technique de laquelle d'autres pour- 
ront donner d'intéressants renseignements. 

D’après les enscignements retirés de l'exploi- 
lation de la station de S. Paolo, la Marine royale 
a pu considérablement étendre sa sphére d'acti- 
vité dans les hautes fréquences en projetant et en 
consiruisant dans ses ateliers de nouveaux types 
d'appareils à onde courte pour le service naval 
el aérien, soit à grande, soit à moyenne ou à 


М] 


petite distance, а caractére fixe ou de campagne. 


6. Emploi des ondes courtes dans l'expédition 
polaire. — C'est avec des appareils de ce type, 
construits par des spécialistes de l'atelier radio 
de La Spezia que furent équipées les stations 
de l'expédition polaire Nobile et particuliére- 
ment le dirigeable Папа, le navire-base Citta 
di Milano, de méme que les hydravions type 
Savoia et Dornier Wall de l'expédition de 
secours. | 

Le tableau qui suit représente le travail total 
entre la station de S. Paolo et le navire Città di 
Milano depuis avril jusqu'à juillet 1928, c'est- 
à-dire pendant toute la durée de l'expédition. 


Tableau du trafic à onde courte 
expédié entre 5. Paolo et la « Città di Milano » 
pendant l'expédition polaire. 


Nombre de mots Nombre de mots 


Mois. reçus à S. Paolo de transmis de S, Paolo 4 
la Città di Milano. la Citta di Milano. 
Avril 32.000 6.578 
Mal ..... 48.000 24.534 
Juin ..... 316.000 24.000 
Juillet .... 215.000 25.500 
611.006 80.612 
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7. Interruption des communications polaires. 
— Le service fort intense et ininterrompu pen- 
dant toutes les heures du jour entre les stations 
de S. Paolo et de la Città di Milano constitue, 
à notre avis, le premier exemple de ce qu'on 
peut obtenir avec les moyens limités dont dis- 
posent normalement les navires, lorsqu'on em- 
ploie des appareils à trés haute fréquence, con- 
fiés à un personnel habile. 


Seul un service intensif dc la sorte a pu mettre 
en évidence et a permis d'étudier les effets 
de certaines conditions météorologiques sur les 
communications à ondes courtes. On reviendra 
sur cette question aprés un complet et minu- 
tieux examen des importantes données scienti- 
fiques recueillies par les membres de l'expédition 
polaire. 

Ce qui nous semble cependant digne d'étre 
dés maintenant signalé, c'est l'influence sur les 
radiocommunications à ondes courtes d'une au- 
rore boréale exceptionnelle et des phénoménes 
magnétiques qui l'accompagnérent. 

Alors que les communications radiotélégra- 
phiques entre la station de S. Paolo et la Città 
di Milano, entre cette dernière et la petite station 
à ondes courtes en possession des naufragés sur 
le pack s'étaient toujours effectuées réguliére- 
ment et presque indépendamment des variations 
atmosphériques, elles eurent un brusque arrét 
dans l'aprés-midi du 7 juillet dernier. 

L'impossibilité de la réception dans la zone 
polaire s'étendait des ondes plus courtes jus- 
qu'aux ondes de 600 métres environ, qui étaient 
sensiblement affaiblies ct avec des signaux cou- 
pés, de sorte que les communications à onde 
moyenne entre les iles Svalbard et la Scandina- 
vie furent aussi interrompues. 


D'aprés les informations que nous possédons 
à présent, on peut déduire que dans tout le Nord 
de la Scandinavie la bourrasque magnétique 
avait troublé toutes les communications radio- 
télégraphiques ainsi que celles par téléphonie 
avec fil. 

En Allemagne, le fonctionnement des stations 
radio à ondes courtes entre l'Europe et l'Amé- 
rique, et en d'autres directions aussi, fut tout 
à fait paralysé dans toute la gamme d'ondes 
courtes entre 14 et 30 métres. On remarqua éga- 
lement que la perturbation du 8 juillet 1928 a 


été la plus forte que l'Observatoire magnétique 
de Potsdam ait enregistrée dans ces trois der- 
niéres années. 

D'aprés les remarques des techniciens alle- 
mands, la perturbation principale, qui fut ac- 
compagnée par deux autres, une précédente et 
une suivante, commença le 7 juillet, à minuit 
du T. M. G. et dura jusqu'à 22 heures T. M. G. 
environ du jour suivant (*). 

Pendant cette période, les transmissions de 
l'Amérique du Nord ainsi que celles de la 
Città di Milano furent tout à fait impercepti- 
bles en Allemagne. Les ondes nocturnes, au con- 
traire, étaient interceptées faiblement pour des 
temps assez courts; mais les ondes du groupe 
de 22 mètres étaient absolument imperceptibles. 
Les transmissions entre Berlin et l'Amérique du 
Sud purent s'effectuer, quoique faiblement et 
seulement de nuit, tandis que les transmissions 
de l'Est furent seulement quelque peu déran- 
gées, notamment les communications entre lAl- 
lemagne et le Siam. 

Aux États-Unis d'Amérique le phénomène de 
l'aurore boréale fut entièrement visible dans la 
partie nord du ciel de Washington, de 22 heures 
à minuit le 7 juillet. Au dire des spectateurs qui 
l'observérent, le phénomène ressemblait à un 
grand nombre de réflecteurs électriques braqués 
vers le haut, pendant que dans la partie orien- 
tale du ciel on apercevait une lueur rouge, qui 
donnait l’idée d’une forêt en flammes. 

Pendant cette période les communications à 
très haute fréquence effectuées habituellement 
par la station centrale du « Navy Department » 
(N. А. А.), y comprises celles avec la station de 
S. Paolo, furent virtuellement impossibles, parce 
que les signaux étaient tout à fait imperceptibles. 
Quelques communications purent étre mainte- 
nues sur les fréquences intermédiaires, celles à 
basse fréquence (onde longue) ne purent étre 
effectuées qu'avec une extréme difficulté. 

En Italie, au contraire, les seules communi- 
cations à onde courte interrompues furent celles 
provenant de la région polaire et de l'Amérique 
du Nord, tandis que l'on put maintenir sans au- 
cune difficulté le reliement à trés haute fré- 


(°) Ces observations concordent en général avec celles de 
quelques observateurs francais, à ce qu'on peut lire dans le 
numéro 7'ао 1928, p. 363, de L'Onde électrique. 
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quence avec l'Extréme-Orient, avec Massaua, 
avec Mogadiscio et avec des navires en haute 
mer. 

Pour transmettre les télégrammes à la Città di 
Milano il fallut sur sa requéte, faire fonctionner 
l'arc Poulsen avec onde de 10,750 métres. Mal- 
gré cela, les communications ne s'effectuérent 
qu'avec difficulté. 

Il est intéressant de remarquer que le phéno- 
mène de la disparition des signaux, qui fut com- 
plet dans les trois jours du 7 au 9 juillet, cessa 
graduellement en suite, témoignant ainsi que 
l'immense banc d'espace ionisé, qui constituait 
la barrière, allait en se dissolvant progressive- 
ment. 

L'influence sur les radiocommunications s'ac- 
centue davantage à mesure que l'on s'approche 
de la zone polaire, et le phénoméne est plus sen- 
sible quand le parcours des ondes est perpen- 
diculaire à la direction du champ magnétique 
terresire. 

D'ailleurs, si la campagne de la Città di Milano 
dans les mers Arctiques a donné une bonne occa- 
sion d'étudier l'influence des aurores boréales 
sur les communications à ondes courtes, d'autres 
aussi avaient observé l'influence de ces météores 
sur les communications radiotélégraphiques. 

П est intéressant de citer les constatations de 
M. Arnold lesquelles correspondent parfaitement 
avec celles que nous avons faites. Dés 1924, en 
effet, M. Edward Arnold put constater, à l'occa- 
sion de mesures de courants produits par les 
aurores boréales dans les câbles sous-marins et 
dans les lignes télégraphiques terrestres, que 
lorsque l'aurore atteignait une intensité consi- 
dérable, füt-elle visible ou non — sa présence 
était immédiatement révélée par un rapide 
affaiblissement des signaux, comme si ceux-ci 
avaient été étouffés. Si le phénomène per- 
sistait sans interruption, on avait l'impression 
qu'un voile de silence s'était étendu sur les 
transmissions. L'effet était encore plus remar- 
quable sur les communications à ondes per- 
sistantes à grandes distances, mais aussi les si- 
gnaux des stations commerciales, qui travaillent 
normalement sur l'onde de 600 métres, en étaient 
considérablement affaiblies (cf. The Wireless 
Age, de février 1924, vol. XI). 


П est certain qu'on pourra obtenir d'autres 
éclaircissements sur cet important phénoméne 
quand on sera en possession du recueil des me- 
sures et des observations magnétiques faites aux 
iles Svalbard. 


* 
LR, 


Les radiocommunications sont aujourd'hui, à 
notre avis, définitivement orientées vers l'em- 
ploi de fréquences d'émissions supérieures à 
3,000 Kc/s, qui constituent désormais les gam- 
mes de fréquence les plus indiquées pour le dé- 
veloppement des services à trés grande distance, 
soit qu'ils soient fixes ou bien mobiles. 

Méme dans les services à moyenne et à petite 
distance, les trés hautes fréquences, avec la gra- 
duelle amélioration des appareils émetteurs et 
récepteurs, et avec le meilleur entrainement 
du personnel, sont destinées à substituer les fré- 
quences plus basses, qui exigent l'emploi de mé- 
canismes plus coüteux et de grandes antennes et 
qui peuvent étre difficilement émises avec un 
haut rendement. 

Les trés hautes fréquences ont permis enfin 
de vaincre cet obstacle des perturbations atmo- 
sphériques qui semblait autrefois insurmontable, 
en donnant par là, la possibilité à la radiotélé- 
graphie de réaliser des communications sûres 
et constantes, et de rivaliser avec les moyens de 
communication plus vieux et jusqu'à présent 
jugés plus sûrs, tels que les lignes et les cábles 
télégraphiques sous-marins. 


Rome, le 6 septembre 1928. 


A la suite de la communication de MM. Pession 
el Montefinale, M. Vanni fait remarquer que les 
résultats obtenus par la Marine italienne à l'oc- 
casion de l'expédition Nobile, constituent une 
preuve nouvelle de l'action puissante exercée par 
la télégraphie sans fil non seulement au point 
de vue scientifique et technique, mais aussi au 
point de vue humanitaire et social. Sans la 
grande invention de Marconi, les naufragés de 
celte expédition polaire auraient été isolés du 
monde entier dans les sombres régions de la 
zone polaire, et on n'aurait pas eu la possibilité 
de leur apporter des secours! 
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A NOTE ON THE DIRECTIONAL OBSERVATIONS OF GRINDERS IN JAPAN. 


by EITARO YOKOYAMA and TOMOZO NAKAI, 


Electrotechnical Laboratory, Ministry of Communications, Tokyo. 


In the last General Assembly of the Union, a 
paper entitled The Directional Observations on 
Atmospherics in Japan (*) was presented by the 
authors, and the following conclusions had been 
arrived at by the series of observations. 


1. No appreciable change had been found in 
the observed directions of the atmospherics by 
the variation of wave lengths which lie between 
10,000 and 20,000 metres. 

2. On the diurnal observations from 7 A. M. 
to 9 P. M. no appreciable regular change had 
been noticed in the observed directions of 
atmospherics during day time. Through some 
expected variations had, in general, been noticed 
at sunrise, sunsct and night time, they had not 


(*) Vol. I, fasc. 1, p. 74. 
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ђееп so remarkable as in the case of signal 
observations. 

3. The directions of clicks had been obviously 
different from those of grinders, which seems 
to indicate that the seat of clicks differs from 
those of grinders. 


4. The diurnal variation had been much 
greater in the directions of clicks than in those 
of grinders. This scems to indicate that the seat 
of clicks lies nearer to the observed region than 
those of grinders, if the seats of both kinds of 
atmospherics might be assumed to have nearly 
equal areas. Judged from the great differences 
in the intensities as well as in the nature of tones 
of clicks and grinders, this assumption may be 
considered to be probable. 


5. The directions of clicks had shifted from 
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Though no other particular 


phenomena were noticed in the observations of 


rinders; on the contrary, that the direct 
perly became indistinet or disappeared at night. 


hour observations were made, covering all the 
clicks, it was remarkably found in those of 


seasons of the year. 


cr 


Union Radio Scientifique Internationale 
e 


te from the mountainous regions of Japan, 


6. In summer, the clicks, which seem to ori- 
are most prevalent, while grinders probably 


from winter to summer, while those of grinders 
gina 


nearly South toward West as the season advanced 
had remained unchanged. 
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though the times at both extremities of the 
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ional variations (wave 
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length 10,000 metres) is shown in figure 1 in 


which the zigzag lines indicate the durations of 
directivity fading, and in figure 2 which illus- 
trates the change in the broadness of directivity 


in the same observation as shown in figure 1. 
In other 24 hour observations, the general 


One example of direct 
tendencies of the variat 
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These were the results obtained from the 
During the experiments, ten courses of 24 


observations over a period from February to July, 


come always from a tropical region such as the 
1997. The experiments were further continued 


Dutch East-Indies. 
still hold good, except in the night observations 


and it was recognized that the same conclusions 
of grinders. 
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fading bands of directivity shifted by a few hours 
according to the dates. 

It is in general believed that the origins of 
long wave atmospherics, as received in both 
England and the United States, are mainly in the 
lands situated in the Tropical Zone (*). The 
grinders as received in Japan had also been indi- 
cated by the authors to be of a tropical origin 
such as the Dutch East-Indies. Taking the above 
into consideration and the daily movement of 
Ihe illuminaled and the darkened hemispheres 


ANDERSON and AUSTIN: BAILEY, 


(°) Luoyp EsrrNscutkp, C. N. 
(P.I. R.E., 


Transatlantic Radio Telephone Transmission. 
vol. XIV, p. 7, February, 196.) 

— R. A. Watson Warr, The directional Recording of 
atmospheries. (J.L E. E., vol. LXIV, p. 596, Мау, 1926.) 

— L. W. AvsriN, Direction determinations of atmospheric 
disturbances on the Isthmus of Panama.(P. 7. R. E., vol. XIV, 
p. 373, June, 1926.) 
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into account, the atmospherics originating at the 
lropical region in America seem very probable 
to be received in Japan as grinders early at night 
and those in Africa late at night, while those in 
the Dutch East-Indies may be received for all 
the time of day and night. Thus the grinders 
coming from other parts than the Dutch East- 
Indies seem to have made them appearently non- 
directive at night, because the unidirectional 
combination of antennas was not tried, a single 
loop being used as wave picking-up device in the 
observations. The observations are now still in 
progress and it is expected that the phenomenon 
will be brought into light more definitely later 
on. 

Acknowledgement is due to C. Asakawa and 
T. Takei of this laboratory for their assistances 


during the observations. 
June, 1928. 


CORRELATION OF LONG WAVE DAYTIME RADIO TRANSMISSION 
WITH MAGNETIC DISTURBANCES 


hy T. MINOHARA and T. INOUYE. 


Naval Experimental and Research Establishment, Tokyo. 


According to Gauss's theory, terrestrial ma- 
gnetic field is composed of internal force and 
forces outside the earth. Mathematical analyses 
indicate that 96 per cent of the total field is due 
lo internal force, partly to the vertical atmos- 
pheric conduction current and 2 to 3 per cent 
lo forces outside the earth. This latter amount 
is equivalent to approximately the total distur- 
bance occurring at time of the so-called magnetic 
storms. 

Below are cited various schemes which have 
been proposed for indicating the magnetic 
character. 


Chree-Kew Observatory : 
Re = -5 (Rp + Ris + Ri). 
Schmidt-Potsdam Observatory : 
А = Ap + Au + Az. 
Van Dijk-De Bilt Observatory : 
R=R,+R,+R,. 


Bauer-Carnegie Institute : 
HR. 


Anderson-American Telephone and Telegraph 
Co. 


1 
V = — (У V, ). 
тор‘ n + #2) 


Absolute diurnal range or difference 
between daily values. 
A — Range of the hourly mean values. 


where В = 


Horizontal intensity. 


= 
| 


Z = Vertical intensity. 

D = Declination. 

V = The sum of hourly variations for 
24 hours. 

All of the expressions above mentioned are 
denoted by the variations in components of 
carth's magnetism. 

From Gauss’s point of view, treating the 
earth's magnetic field as it is composed of inter- 
nal force and external forces and also assuming 
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thal ils variations are caused mainly by the 
external forces, denoting them as vectors, if we 
express the internal force or the force stored in 
the earth as Om in figure 1 and actual magnetic 
force at a given time as Oa, then we can express 
the external force al thal time by та. Accord- 
ingly, if the earlh's magnelism is changed from 
oa to ob then the external force is to be expressed 
by mb. | 

The magnitude of the external force ma 
should be 


| 


(ma; + ma) 


but for the-sake of simplicity we take (m,a, + 
M,a,) for it. Thus the correlation of radio 


receiving strength with magnetic character is 
obtained. 

Diurnal mean value of earth's magnetism are 
those observed at Kakioka near Tokvo bv central 
Meteorological Observatory. The daily values 
of signal strength are those, observed and mea- 
sured by G. Osawa and S. Ono at Tokyo at 9 
A. M. local time of time signal from Pearl Har- 
bour (*) (26.1 K.C.). As the radio waves sent out 
from Pearl Harbour at that time of a day will 
travel the entire transmission path in daylight, 


(^) Report submitted to the last assembly of U. R. S. I. 
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the data may be duly said to be the daytime 
receiving strength in the Pacific. 

In figure 2, one curve of magnetic character 
(— - —) is drawn from the difference between 
diurnal mean values and mean value of 18 
month's of earth’s magnetism and the other 
curve (expressed in slender full line) is drawn 
from the difference between diurnal mean values 
and the mean value of that month. 

In figure 3 is shown the correlation of the 
mean value of magnetic character of a month 
above mentioned with mean value of receiving 
strength for that month. 

From figures 2 and 3, we find that magnetic 
variation is accompanied by high value of day- 
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light receiving strength and most of the high 
values of receiving strength occur usualy within 
several days after and some time before the 
magnetic variations. 

For the sake of comparison, in figure 4 is 
shown the difference between mean values of 
magnetic components of a day and that of the 
next day : which expression of magnetic charac- 
ter somewhat resembles the other method of 
expression of magnetic character which have 
been devised by authorities and we will find that 
correlation is more intimate when our method 
of expression of magnetic character (shown in 
figures 2 and 3) is adopted. 


Fig. 4 
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SOME 


NOTES ON WIRELESS METHODS 


OF INVESTIGATING THE ELECTRICAL 


STRUCTURE OF THE UPPER ATMOSPHERE 


by E. V. APPLETON, F.R.S. 
(Great Britain.) - | 


ABSTRACT. — Various direct wireless methods of mea- 
suring the « effective » height of the atmospheric ionized 
layer are discussed and compared. For a layer of horizontal 
statification, and under conditions for which the influence 
of the earth's magnetic field may be neglected, the general 
equivalence of the quantities measured by the various 
methods is demonstrated. The effective height in such cases 
is shown to be greater than the maximum height reached 
by the atmospheric ray. Proposals for using these methods 
to obtain information concerning the gradient of ionization 
in the layer are put forward. 


1. Introduction. 


Within the last few years various direct wire- 
less methods have been proposed for determi- 
ning the « effective » height of the ionized layer 
in the upper atmosphere. There is a somewhat 
wide divergence in the experimental values 
obtained by these methods so that it is pertinent 
to inquire what significance should be attached 
to the term « effective » in the various cases and 
also to ascertain whether any agreement is to be 
expected if the experiments are conducted under 
similar conditions of wave-length, location, etc. 
It is easily seen that, if we are dealing with cases 
of true reflection at a very sharply bounded and 
higly conducting layer, the track of the atmos- 
pheric waves being entirely in unionized air, all 
the methods should give the same result. If, 
however, the waves are returned to the ground 
by the process of « ionic refraction » (*) in a 
dispersive medium a more detailed examination 
is necessary before any corresponding statement 
can be made. The various methods are there- 
fore discussed in greater detail below. 


(*) Vide Eccles, Proc. Roy. Soc. А, 87, 79 (1912) and Lar- 
mor, Phil. Mag. (6), 48, 1025 (1924). 


2 (a). Wave-length change method. 


This method was proposed by Appleton and 
Barnett and used on transmissions from the Bour- 
nemouth B.B.C. station received at Oxford (**). 
More recently it has been developed at the Peter- 
borough Radio Research Station of the Depart- 
ment of Scientific and Industrial Research. 

To illustrate the principles of this method let 
us consider a sending station at А (see Fig. 1) 
sending to a receiving station at E. In the ideal 


«оер ера» = о чо EM LE LL LL AE 


ce <= wo eee о ud е a ч of = 


е» «b >>" ow e = 


FIG, 1. 


case of an ionized layer of horizontal stratifi- 
cation two sets of waves are received at E, the 
ground waves travelling direct along AE and the 
atmospheric waves travelling via ABCHE. Let 
the optical path difference between these two 
tracks be D, where D is, in general, a function 
of the wave-length of the radiation. We then 
have 


n == 


~| О 


(1) 
where n is the number of wave-lengths the 


(^*) Nature, March 7, 1925. 
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atmospheric waves are behind the ground waves 
at the point E and à is the wave-length in air. 
We have, further, 


D = | pds — АЕ, (2) 
AGE 
where y is the refractive index at any point and 
ds is an element of length of the atmospheric 
ray path (*). 
The experimental procedure in the wave-length 
change method consists in measuring the varia- 
tion in n (as shown bv the signal current maxima 
and minima experienced at E) when > is conti- 
nuously varied through a small range. From (1) 
the variation in n is given by 
òn Э + 180. (3) 


It has been usual to neglect the variation of D 


on 


in (8) and consider >> 55 as the « equivalent path 


difference » between atmospheric and ground 
ray paths from which, by simple triangulation, 
the « equivalent height » of the deviating laver 
was obtained. The justification of the use of 
the term « equivalent height » in this connec- 
tion will be seen in what follows. 

It is shown in Appendix I that for a variation 
in optical path due to a finite change of wave- 
length such as we are considering, we have 


3D = 5 | pus | ĈE азу, (4) 
ACK” ACE T о 
so that, combining with (2) and (3) we have 
„ên u 2. (ep 
À == = | pds à | ds — AE. (5) 
ACE AGE 


But, from the usual relation between group velo- 
city U, refractive index and wave-length we 
have, as show in Appendix ITI, 


© ds » ај | 
Pas Ен ds À (25 $ 
1 U | wads 15 ds, (6) 


where c is the velocity of radiation in free space, 
so that from (5) and (6) we have 


On l 
I =e far EU 


VCE 
(7 The possibility of the dispersion of the ground waves 
is discussed below. 


Аа 
р a 


where the negative sign of the experimentally 


22 n 
о, 


\ 


determined quantity has been omitted 


since zn is negative for an increase of wave- 
length. We thus see that the « equivalent path 
difference » is equal to the product of the velo- 
citv in free space multiplied by the temporal 
retardation of a signal traversing the atmos- 
pheric path with its appropriate group velocity 
compared with a signal traversing the ground 
path. This is quite a different quantity from the 
actual path difference obtained from (8) by neg- 
lecting 2D for which approximation we should 
write, using (2), 
on у 
ES = uds — AE. 


ACK 


(Та) 


In the case in which the influence of the earth's 
magnetic ficld may be neglected (e.g. with short 
waves) it is easy to show that О = cu so that, for 
such conditions the optical path of the atmos- 


pheric ray would be | ads while the equivalent 


"ds 
path would be = 
It should be mentioned here that, strictly 


speaking, we should also write 


Ground Path = f pas, (8) 


AOE 


so thal for a variation in wave-length 


ò (Ground Path) = (3: dsoóA, | (9) 


AOE 


leading ultimately to the general result 


òn ds ds 
E n n L 
Es | Ü cf U” УУ 
AGE 


AOE 


where U' is the group velocity of the waves along 
the ground. It seems quite possible that U’ may 
differ appreciably from c when very short waves 
are used. 


2 (b). 

This method was proposed by Appleton and 
Barnett (*) and used at Cambridge to determine 
the angle of incidence of down-coming waves 
emitted by the London B.B.C. transmitter. It 
has also been used. by Smith-Rose and Bar- 


C) Electrician, April 3, p. 398, 1925 and Proc. Roy. Soc. A, 
109, 621 (1925). | 


Angle of incidence method. 
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field (*) in a comprehensive study of down- 
coming waves received from various stations. 
When the angle of incidence is known the 
« effective height » of the layer deviating the 
waves is found by simple triangulation. This 
quantity would correspond to FO in figure 1. 

In the general case of magneto-ionic refrac- 
tion in which the influence of the earth's magne- 
tism is taken into account it is difficult to inter- 
pret these experiments much further. If, howe- 
ver, we neglect this influence and also assume 
that the layer is horizontally stratified a correla- 
tion with the wave-length change method may 
be effected. Since, in such a case, the experi- 
mentally determined angle of incidence 4, at the 
eround is also equal to the angle of incidence 
at the layer we may write 


(M) 


where 6 is the angle the atmospheric ray makes 
with the vertical at anv point at which the index 
of refraction of the medium is p. Also, as 
before, we have 


usin 6 = sin 5,, 


0 = cp. (49) 


Thus, since dz = ds sin 9 for the atmospheric ray, 
we have, using (11) and (12) 


JEFE ds _ ( dT . (AF FE 13 
dal ted ET ЕЕ). (13) 


The quantity с IET as Breit and Tuve (**) 
first pointed out, is therefore equal to the actual 
path AFE (see fig. 1). We thus see that, in the 
case of short waves, the equivalent path of the 
atmospheric waves measured by the wave-length 
change method is equal to the effective path 
obtained by simple triangulation using the angle 
of incidence of the waves as measured at the 
ground. Thus both methods (a) and (b) give the 
height FO which is greater than the true height 


CO (see fig. 1). 


2 (c). Group-retardation method. 


This method was first proposed and used by 
Breit and Tuve (***) who used a transmitter 
sending out short pulses of radio-frequency 


(*) Proc. Roy. Soc. A, 110, 550 (1926) and 116, 682 (1927). 
(**) Physical Review, 98, по 3, 571 (Sept. 1926). 
(°°°) Loc. СИ. и 


nm = 


energy and measured the time interval At 
between the arrival of signal pulses received via 
the ground and via the atmosphere. 

For such a case, using again figure 1 we may 


write, simply, 


ds ds 
= и € 14 
At IE TE (14) 
ACE AOE 


from which the general equivalence of what is 
measured in the wave-length change method and 
in the group retardation method is at once 
apparent. 

It has, however, been pointed out to me by 
Mr. J. A. Ratcliffe that (14) applied to the group- 
retardation method requires qualification, since 
the component frequencies of the group do not 
follow the same path. The problem is therefore 
a little more complicated than that contemplated 
in the ordinary discussions of group velocity in 
which the frequency components (usually two) 
of the group travel along the same (usually 
straight) path. The following justification of 
the applicability of (14) is therefore offered. The 
case of a particularly simple type of group trans- 
mission which has not yet been tried in practice 
is first examined. The discussion of the actual 
type of group transmission used by Breit and 
Tuve then follows. 

Let us consider the simplest case of the trans- 
mission of a group of waves and imagine two 
sets of waves, the frequencies of which differ 
only slightly, emitted by a sending station. If 
the angular frequencies of the waves are p — òp 
and p+ôp beats of frequency + will be pro- 
duced when the waves travel in unionized air 
along the same track. For both sets of waves to 
arrive at the same receiving station (e.g. E in 
fig. 1) they must set out from the sending station 
along slightly different directions because of the 
dispersion in the ionized layer. To allow for the 
difference in frequency and for the difference in 
the optical paths of the two components we say 
that the received signal amplitude is ргорог-. 
tional to 


cos (p - òp) (t- EE ) + cos (p+ èp) GS), (48) 


с с 
or to 


P Ò 0 И 
2 cos p (i- =) cos = + 23 — 2) 5 (16) 
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where P is the optical path of the atmospheric 
ray for angular frequency p. The expression 
for the received signal amplitude represents a 
high frequency oscillation of slowly varying 
amplitude. The particular maximum amplitude 
emitted by the sending station when ¢ and P 
are zero is reproduced again at the receiver after 
a time | given by 
E ms Sp — 0, 

or by 


a | pds +p | pds, (17) 


е [ TA 4l uds. (18) 


Now from Appendix I we have 


Ô eu 
5 eds = [ 3À ds. 


Thus (18) becomes 


== БЕ qe 
сі = | pds ЈЕ ds (19) 
ds | 
I —— o 9 
IE (20) 


We thus see that a particular beat maximum 
emitted by the sending station is produced again 


at the receiving station after a time IE: where 
U is the group velocity for the mean frequency. 
The use of (14) is therefore justified even though 
the two component frequenties have followed 
. slightly different tracks. 

To measure the group retardation in such an 
experiment as has been suggested above, the 
down-coming waves could be received on a sup- 
pressed ground rav system and the high fre- 
quency oscillations produced rectified, thus 
transforming the beats into combination tones. 
The phase of the combination tone received via 
the atmosphere could be compared with that of 
the combination lone received via the ground 
waves and, from a knowledge of the beat fre- 
quency, the retardation found. 

Àn imaginary experiment shows even more 
closely the essential equivalence of the wave- 
length change method and the particular type 
of ground retardation method described imme- 


diately above. Геј us suppose that one of the 
emitted wave-lengths is maintained constant and 
the other made gradually different so that the 
beat frequency increases from zero. The phase 
difference between the beat amplitudes received 
via the atmosphere and via the ground will gra- 
dually increase. Let us now suppose that when 
the wave-lengths differ by % the phase diffe- 
rence is Ф where is хп. The group retarda- 
tion At is then evidently n't, where У is the 
2 


time of one beat. But ť is equal to Sy? 80 that, 
using again figure 1, we have 
ds — (ds )? 
== == ———— 16 9 
id fT- U и (35) (1) 


But if the two Nom emitted. by the 
sending station had been the initial and final 
wave-lengths during a wave-length change expe- 
riment we should have from (10) 


ve (CH as (99) 


so that 
n! = On. 


Thus the number of « fringes » measured in 
the wave-length change method is equal to the 
number of beats the atmospheric ray is behind 
the ground ray when the beats are produced by 
the simultancous emission of the initial and 
final wave-lengths used. 

The extension to the case of pulses of radio- 
frequency waves as actually used by Breit and 
Tuve follows on similar lines. Let us suppose 
that the group may be represented by the sum 
of a large number of sinusoidal vibrations the 


frequencies of which differ only slightly from £. 
aT 


The disturbance arriving at the receiving station 
may then be represented by 


Ха cos (p + бр) (i— E ^ >). 


Which is equal to 


P : P òP 
cosp(t- —|X s| top — 6p — — p — 
1 =) a cos( op pe p =) 
P 
—sinp (t—=) 3 = а sin (rip —8p = — p=). 


We thus get the reproduction of the original 
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wave-form (i. e. the group is received) at the. 
receiver when 


xP ОР 
tsp — cp -—p— = 0. 


1 Ô ( 
(вар ads) 


But (23) is identical with (17) which was 
shown to lead to 


or when 


(23) 


ds 

= (24) 
In this case Ё is the time of transmission of the 
group through the atmosphere and U the group 
velocity of the mean frequency. In the actual 
experiment of Breit and Tuve the use of (14) 
may therefore be justified even when the diffe- 
rent components of the group follow different 
tracks in the upper aimosphere. 

It will be seen that for the measurement of 
the group-retardation it is not necessary to send 
out « chopped » (*) signals like those used by 
Breit and Tuve. A sinusoidally-modulated wave 
would suffice for recciving stations at which the 
ground waves are strong. In the case of short 
waves and fairly long transmission distances the 
ground waves would be strongly absorbed and 
thus of negligible strength at the receiver. In 
such cases the modulation signal or the « chop- 
ped » signals of Breit and Tuve could be trans- 
mitted simultaneously along the ground by a 
much longer wireless wave-length or possibly 
by telephone. 

Summarizing the results of this section we 
may say that : 

1. The wave-length change method and the 
group-retardation method measure the same 


d 
= quantity (i. e. Е for the atmospheric waves ) 


2. In cases for which the effect of the earth’s 
magnetic field is negligible and the layer is 
horizontally stratified, the above-mentioned 
methods, together with the angle of incidence 
method, give us the equivalent height FO in 
figure 1. The equivalent height is greater than 


(°) A simple method of obtaining these short trains of 
oscillations is to use a transmitter with a high grid leak 
the circuit being similar to that used for producing the 
unidirectional cathode-ray oscillograph time base. Vide 
Proc. Roy. Soc. A, 111, 672 (1926). 


the actual maximum height reached by the 
atmospheric waves. 


3. Some special ionization gradients. 


It is instructive to consider some of the ques- 
tions discussed above for some particular types 
of ionization gradients in the layer. 

Let us suppose (see figure 2 in which the lette- 
ring is the same as in figure 1) that a ray enters 
tlie layer at O, and that the gradual deviation 
of it is brought about by the gradual reduction 


of the refractive index (due to the increasing 


9 


Р Ci 


À 
| | 
t 90 


Fic. 2. 


ionization) experienced as it penetrates the layer. 
Consider any point P on the path of the ray and 
let the tangent to the path at that point make 
an angle 8 with the vertical (i. e. with the y 
axis in the figure). We then have, as before, 

u sin 0 = ро sin 0, = sin 6, (25) 
where x is the refractive index at the point P 
and p, (= 1) is the refractive index of the unioni- 
zed air. 4, is the angle of incidence at the layer. 
The refractive index џ is considered as being 
independent of x and dependent only on y and 
the wave-length. 


Since 


dx 
ап 0 — —, 
dy 


ds —M + tan? Ody, 


the optical path in the medium is given by 


[rase || 1+ PT 
o | dy 


dy, (26) 


and 


ZH 
0 Vut — sin? 4, 


where u == f'y, À) and sin 6, = f (y, À). 
Correspondingly we have for the «equivalent» 
path 


d be d 
Роч" 
5 Р Ма — sin? 0, 
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The above expressions have been derived on 
the assumption that џ is a single-valued function 
of position for constant wave-length and so the 
argument only applies to the case in which the 
influence of the earth's magnetic field is negli- 
gible. We therefore consider the case as apply- 
ing to the propagation of short waves. For this 
reason we may take simple types of variation 
of the refractive index such as 


pè = 1 — ay Case (а) 


and 


u? = 1 — y. Case (8) 


Case (х) corresponds to a gradient in which the 
ionization varies directly with the height above 
the lower boundary of the layer, while Case (3) 
corresponds to ionization varying as the square 
of the height. By substituting for y^ in (25) 
and (26) and integrating it is possible to arrive 
at the following results for the two cases. 


Case (а). u? = 1 — ay: 
Optical path in the layer 
4 
Zr = – cos 0, — У cogit 
а. 35, 


Equivalent path in the layer 


ds 4 
= | — = - cos 0, 
p x 


. . . А 
Horizontal distance in the laver (BH in figure) $5) 


4 LJ 
= — sin 6, . cos 0, 
le À 


Maximum height in the laver (CJ. in figure) 
__ cos? 0, 


а, 


Case (8). и? = 1 — ву? 
Optical path in the layer . 


Ви 
== | ваз = —— (1 + sin? 4,) 
t 2V6 
Equivalent path in the layer 
_ (ds = 
^к VB 
Horizontal distance in the layer 
x sin 4, 


ЕТ 


Maximum height in the laver 
__ cos ba 


о Ме 


(2") 
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Now in attempting to verify for the above 
us 
=, which 
p 


is the quantity measured in the group- -retardation 
method, is the same as the quantity 


(us uds 


measured in the wave-length change method, 
we have to consider the problem as a whole and 
recognize that both the angle of incidence at the 
layer and the track in and out of the layer all 
vary when we vary the wave-length. Let us 
therefore consider the complete problem of a 
laver situated at a distance h above the ground 
(see fig. 1) and take the case of transmission 
between two points a distance d (i. e. AE in 
fig. 1) apart. For stationary conditions of 
wave-length we can write in the two cases : 


examples that the equivalent path 


Case (a): 
Total optical $^ of — ray 


| 
ds — os 4, : cos? 4, 
- | Р COS u^ T i За 
Total equivalent path of atmospheric гау 
2} 30 
= (2. | + - cos 0, (30) 
J u cosh æ 
Path of ground ray 
2 
= d = 2h tan 0, + = sin 26. 
Case (8): 
Total optical e of atinospheric ray 
== RE 2 
| pds == E + vi" + sin? 60) 
Total equivalent path of atmospheric ray 
ds 2h T 
gag 5 id 


Path of ground ray 
т sin 4, 
Và | 
\ow the recognition of the essential equiva- 
lence of the wave-length change method and the 
eroup-retardation method was based on the 
proof that, for such cases as we are considering 


= 9h tan 4, + 


of 


fas- dss ЈА was equal to the equivalent path 


* ds : 
—. In attempling to demonstrate this for 


и 
these. particular cases we note that, in finding 


d 


the value of the expression =| uds, we require 
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lo know both С ap and 2, for the expression 


SAL OA s | 
for | vds involves both these quantities. Now 


in an ionized medium in which the frequency 
of the electronic collisions with the gas mole- 
cules is small, we may write 


ut = 1 — AX, (38) 


where А is a quantity (*) which is proportional 
to the ionization. Thus for our two cases we 


have 
Case (a) u? = 1 — ay = 1— BXy, 
Сазе (8) u? = (= By? = 4 — С), 
-where В and C аге constants. From these 


expression 95 and ar may be calculated. Also, 


3A 
from the be MH for the total path of the 


. 0 
ground ray in each case we can find + aftér 
т T да 26 
making the substitution for 5j OF 3j 88 the case 


may be. In this way we arrive at the value of 


д 
( ids — 1.55 | а: for the total atmospheric paths 


in the two cases. These are found to be 


. 6 2h 4 
C ds — А — = —— +- 
ase (a) fe А 59 M ds снб. + = cos 0, (33) 


C у сар 

ase (8) [ъа (ьа uoc 
But from (30) and (31) we see that these expres- 
sions are exactly those for the equivalent paths. 
We therefore have verified the statement that in 


the wave-length change method we measure the 


equivalent path Е and not the optical patli 


| uds. 


From the point of view of deducing infor- 
mation concerning a and b from experimental 


"ee on 
determinations of cAt or X 55 We note that the 
RERO тања РРО Й 
Ne 
C) 4 is actually equal to - 2 where N is tlie number of 


electroris, of charge e and mass т, per c. c. 


relevant equations are as A 


on th | 
== — === M . 3 
Case (а) cAt bn et de = cog d (38) 
ò 2h | 
Case(B) са А и — d. (36) 


OA COS ET Y 


4. Methods of investigating 
the ionization gradient. 


We have seen that for short waves any one of 
the three methods discussed above will enable 


d | 
us to find the value of [= for the atmospheric 


ray. This quantity is equal to the length AFE 
in figure 3, from which, knowing d, we may 
find sin 6, which is equal to the refractive index 
at the point С. Now since, for short waves, we 


have 
An Ne? 


Wt. (31) 


pals 


a knowledge of the refractive index enables us 
to calculate the electron concentration N at the 


point C. If we could measure the actual height 


Fic. 3. 


of point C in some other way we should be able 
lo specify the ionization at a particular height. 

Let CM and CN (in fig. 3) be perpendiculars 
from O on to AF and FE respectivelv. Now 


Pedersen has shown (*) that the optical path | u ds 


of the atmosplieri ic гау, when ^, > 30°, is appro- 
ximalelv. (actually slightly smaller than) AM + 
NE. If, therefore, it were possible to determine 


ds | 
both | : and [ uds for the atmospheric ray we 


should be able to find both the ionization at and 
height of point C. The equivalent path would 
fix for us the position of F and enable us to 
calculate the ionization at C, while the optical 


Ci Phe Propagation ој Radio Wares, 
p. 176. 


Copenhagen, 197, 


196 Union. Radio Scientifique Internationale 


path would fix the positions of M and N from 
which the position of C could be found. То а 
method of estimating the optical path of the 
atmospheric ray we now turn. 

It will be found convenient to re-write (1) in 
terms of the frequency f instead of the wave- 
length à. Thus 


and 
dn D f ар 
df c'c df 


Now it is possible to carry out experiments in 


(38) 


; du , 
which Е is measured for a large number of 


frequencies at about the same time and under the 
same conditions of transmission distance, etc. 
This quantity would, in general, be a function 
of the frequency and may be written (f). Thus 
(30) becomes 

ар D 


C 
= = (f), 39 
df + fF f (f) (39) 
the solution of which is given by 
Df — | Ф (f) df + const. (40) 


We thus see that, even if ®(f) is known for a 
considerable range of frequencies, we cannot 
find D exactly for any particular frequency since 
the constant is unknown. If, however, after 
having obtained values of (f) for as low fre- 
quencies as we can in practice, we draw the 
curve showing the relation between Ф (f) and f 
and extrapolate it to the limit of zero frequency 
we can get over this difficulty and write 


fo 
hc Фрај, (41) 
where D, is the optical path difference for a 
particular frequency f,. The optical path of the 
atmospheric ray for the very high frequencies 
could then be found and the ionization at certain 
particular heights determined by the method 
outlined above. 


It should be noted that the measurements of 


d . 
— would have to be made at a considerable 


df 
distance from the transmitter to fulfil the condi- 
tions under which the relation of Pedersen holds, 


and it is most probable that, as the frequency is 
increased to the values for which the influence 
of the earth's magnetic field is negligible, the 
strength of the ground waves at the receiving 
station would be too small to detect. In such 
cases the suggestion made above of using at the 
same time a long wave-length to send out the 
modulation (e.g. pulses of Breit and Tuve) might 
be useful. 

The method described above deals with mea- 
surements made at one receiving station with 
different mean frequencies. It is, however, 
possible that information of similar character 
might be obtained by making simultaneous 
observations on the same mean frequency at 
different distances as the following consider- 
ations show. 

We have seen that any one of the three direct 
methods considered will enable us to find the 
equivalent height OF (i. e. h+ k in fig. 1). 
Considering again the cases of special types of 
ionization gradients we find from (35) 


òn 2 (h + №) 2h 4 cos, 
Y — === ——— — 
| 52 T cos 9 cos 4, a C 
Or 
2 
h + = h + – cost 6, (42) 
and similarly from (36) 
kabara EUM. (43) 


2V8 


We thus see that, for a case of ionization varying 
directly with the height, the equivalent height 
should vary linearly with cos? 9, for observations 
made at various distances, where as for ioni- 
zation varying as the square of the height the 
equivalent height should vary linearly with 
cos §,. Corresponding equations for other types 
of gradient could be found (*) and by comparing 
the equivalent heights at different distance we 
should be able to ascertain which type of gra- 
dient gives the closest approximation. When 
this decision has been made the observations 

(*) For example with pt = 1 — ke'", where k 1, I find 
that the equivalent height is approximately equal to h + 5 


а quantity independent of the distance. Thus such а gra- 
dient would simultate a sharp boundary. 
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from any two stations would enable us to find 
both h and а (or 8) from which the ionization at 
definite heights could be stated. Additional 
evidence could be obtained by making the expe- 
riments with different wave-lengths since a (or à) 
depends on the wave-length. For example, once 
the type of gradient had been determined, it 
would also be possible to find h and a (or 8) from 
observations made at any one station on two 
different wave-lengths. The results could there- 
fore be checked. 

The problems discussed in this paper arose 
in connection with investigations the authors is 
carrying out for Radio Research Board of the 
Department of Scientific and Industrial Research. 


APPENDIX I 


To find the variation in the optical path 
of the atmospheric ray. 


Consider figure 1 in which the track of the 
atmospheric ray ABCHE begins at the origin А 
and finishes at E (до, о). We have 


fefe o 


Now if the refractive index is (as in the most 
general case of the magneto-ionic theory) a func- 
tion of both position, ray-direction and wave- 
length we write. 


am f(a, у, 2, ), у, 2). (2') 
Thus 


5 | на: == | T 
= || hs T = dm + ICE 
= ("Gy eu (Беја | © 
о \oy ат ду' 
An DES cn) -- daz 
+ || aè (To) ae 


But by the principle of least time, as interpreted 
by Hamilton, the terms on the righ-hand side 


representing path variations vanish leaving only 
the term involving the wave-length variation. 
Thus 


(+) 


APPENDIX II 


The relation between phase and group velocities. 


The relation between group velocity U and 
phase velocity V is given by 


EID m 


where f is the frequency of the waves. But V 


is equal to А so that this becomes 


f | (21) 


Thus for any particular path we have 


ds _ au ih 
(eo [sa (tas (3) 


This equation is to be compared with 


дп Ò Р 
АЕ = [ье (вй, (4") 
which may be derived from (2) and (3). 


In conclusion I wish to express my particular 
indebtedness to my collaborator Mr. J. A. Rat- 
cliffe, who first raised the question of the essen- 
tial equivalence of the quantities measured in the 
wave-length change method and in the method 
of Breit and Tuve by pointing out to me the 
close similarity between equations (37) and (4^), 
which are the representative relations for the 
two methods. To Mr. S. Goldstein I am also 
greatly indebted for advice on certain mathema- 
tical points. 
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LES PHENOMENES DE PROPAGATION DES ONDES RADIOTELEGRAPHIQUES. 


Note de M. R. JOUAUST, présentée par M. le Général FERRIE. 


On ne saurait. douter aujourd'hui que les 
grandes portées réalisées par les ondes radio- 
télégraphiques, en particulier par celles infé- 
rieures à 100 mètres, sont dues à des propriétés 
particulières de la haute atmosphère, mais le 
mécanisme de la propagation de ces ondes est 
encore mal connu. On admet l'existence dans !a 
partie supérieure de la stratosphére d'une couche 
fortement inonisée qui renverrait vers le sol les 
ondes rayonnées dans l'espace par une réflexion 
ou plus exactement par une réfraction, c'est-à- 
dire par un phénomène du méme genre que је 
mirage. 

Mais cette explication ne rend pas compte de 
divers faits observés. Les ondes réfractées ne 
pourraient revenir au sol qu'à une distance assez 
éloignée du transmetteur et l'on a pu constater 
en produisant des signaux brefs, l'existence 
d'échos, existence qui se manifeste déjà à quel- 
ques kilomètres du poste émetteur. Ces échos 
parfois multiples semblent provenir d'une alti- 
tude de 200 à 400 kilomètres, altitude qui varie 
souvent en quelques instants. Enfin, la théorie 
de la réfraction nécessite une certaine homogé- 
néité de la haute atmosphère et les divers auteurs 
qui ont cherché à la traiter mathématiquement 
ont dà admettre pour la densité ionique (nombre 
d'électrons par unité de volume) une loi de 
variation régulière en fonction de l'altitude. 

Cette dernière hypothèse parait peu vraisem- 
blable. Les relations entre l'activité solaire et 
l'état magnétique terrestre semblent bien indi- 
quer, comme l'ont montré tout récemment en- 


core les travaux de Maurain, que les variations 
des constantes magnétiques sont dues à une ioni- 
sation à grande altitude provoquée par des parti- 
cules émanées du soleil, les mémes dont l'arri- 
vée dans notre almosphére se manifeste souvent 
par des aurores. | 

Le fait que les échos semblent provenir d'une 
hauteur qui correspond à celle des aurores, que 
d'autre part la raie verte caractéristique des 
aurores, est visible sous toutes les latitudes, con- 
duit à supposer que ce sont ces mémes causes 
d'ionisation qui interviennent dans la propaga- 


tion des ondes. 


Cette émission de particules électrisées par le 
soleil présente évidemment le méme caractère 
de discontinuité que l'émission d'électrons par 
les corps incandescents (effet Schottky). 

Il est donc probable que la densité ionique de 
la haute atmosphére présente d'importantes fluc- 
{uations et qu'on дон considérer que les couches 
élevées de la stratosphère contiennent des nuages 
d'électrons dont les dimensions sont du méme 
ordre que celles des ondes radiotélégraphiques. 


Ces nuages électroniques seraient donc capa- 
bles de diffuser les ondes dans toutes les direc- 
tions. 


Sans prétendre qu'il faille chercher à expliquer 
par la diffusion tous les faits observés en radio- 
télégraphie, nous voulions attirer l'attention sur 
un phénomène qui est susceptible de jouer un 
rôle important et qui, à notre connaissance, a été 
complètement négligé par tous les physiciens 
qui se sont occupés de la question. 
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NOTE SUR LES RESEAUX ELECTROMAGNETIQUES EN GRECQUE OU EN DENTS DE SCIE 


par RENE MESNY. 


Nous avons montré comment on pouvait éta- 
blir un réseau électromagnétique d'émission au 
moyen d'un fil replié en grecque et alimenté en 
son milieu (*): il suffit de donner aux différents 
éléments du fil une disposition telle que la lon- 
gueur comptée entre les milieux A et B de deux 
brins horizontaux conséculifs (fig. 1), soit égale 
à la moitié de la longueur de l'onde qui se pro- 
page sur ce fil. Les courants stationnaires dans 
tous les brins verticaux sont alors en phase et 


А 


Е16. 1. 


donnent naissance à un faisceau dont l'axe est 
normal au plan du réseau. 

L'expression du champ dans une direction 
quelconque s'établit immédiatement quand on 
néglige l'amortissement le long du fil; mais, 
pour comparer les résultats de l'expérience avec 
les prévisions théoriques il est bon de tenir 
compte de la diminution du courant du milieu 
vers les extrémités. La détermination rigoureuse 
de ce courant, impossible pour un fil rectiligne, 
l'est a fortiori dans.le cas du fil replié; mais on 
sait que l'expression que l'on obtient pour le fil 
rectiligne en supposant l'inductance, la capacité 
et la résistance également réparties, donne des 
résultats voisins de ceux de l'expérience. En 
appliquant la méme méthode au cas actuel, on 
peut donc espérer que l'on obtiendra une solu- 
tion suffisamment approchée qui permettra де 
calculer un diagramme de directivité assez pré- 
cis. 


(°) MEsyy. Emissions dirigées par rideaux d'antennes. 
(Onde Electrique, 6, mai 1927, pp. 181-200.) 


Atténuation du courant dans les brins succes- 
sifs. — En appelant À la longueur de l'onde sur 
le fil, ¢ et / la résistance ct l'inductance unitaires 
de ce dernier, o la pulsation, 2m». la hauteur des 
brins verticaux, el en posant : 


T 
d c or. 


l'amplitude du courant moyen le long du brin 


de rang p — ce rang étant compté à partir de 
l'extrémité du réseau — est donnée par la for- 
mule : 


ch? (2xmt) — cos? (пт) ch 


| | ~ = 


8—05). (0 


La phase de ce courant est, bien entendu, indé- 
pendante de p. Cette relation permet de calculer 
facilement l'atténuation du courant entre le mi- 
lieu et l'extrémité du réseau. Si la longueur de 
ce dernier est 2 | et l'écartement de deux brins 
consécutifs verticaux d, on a sensiblement : 


intensité dans le premier brin _ 1 
intensité dans le brin milieu ch G i 1) 4 


On peut remarquer que pour des antennes sem- 
blables, qui correspondent à des ondes dans le 
méme rapport de similitude, la valeur de = est 
constante. Le rapport E est en effet égal à ~, 
К et L étant la résistance et la self-inductance 
d'une longueur de fil égale à une demi-onde; or, 
Lo cst évidemment constant dans les conditions 
actuelle et il est facile de voir qu'il en est de 


). 
méme pour R; pour а = z» on trouve pour = une 


valeur voisine de 0,035 que l'expérience con- 
firme. 
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Dans les mémes conditions, le rapport précé- 
dent a une valeur de 0,7 pour 2 1=4) et 0,17 


pour 2 1— 102. (*). 


Champ du réseau. — Enfin, en assimilant le 
réseau discontinu que l'on vient d'étudier à un 
réseau « continu », constitué par une nappe de 
courant dans laquelle le courant varierait suivant 
une loi correspondante à celle donnée par la 
formule 1, on peut calculer une expression du 
champ rayonné; nous avons montré (loc. cit.) 
que le champ d'un tel réseau s'écarte peu de 


FIG. 2. 


celui d'un réscau discontinu dans lequelles brins 
verlicaux sont à une distance inférieure à un 
quart d'onde. En appelant n le nombre d'anten- 
nes du réseau discontinu et en définissant la 
direction du point оп le champ est E, par l'an- 
gle 9 que fait cette direction avec la verticale et 
par l'angle è qu'elle fait avec la ligne oz sui- 
vant laquelle est aligné le réseau (fig. 2); en 
posant enfin : 


TNT х(п—7"1)7 Ол! 5 
9 а SR m == ђ, Eu Coso = Y 

on trouve pour la composante verticale du champ 

électrique : 


E Е. ligero ша sn&. (3) 
epus — b cos y sh (a — b) 
Influence d'un désaccord. — Si lon suppose 


que la longucur AB de la figure 1 soit différente 


(*) Toutes ces considérations s'appliquent facilement aux 
reseaux en dents de scie de Chireix. (Société Française 
Kadio-Électrique. Perfectionnement aux antennes. Brevet 
français 216.757, 10 mars 1926.) 


d'une demi-onde, les courants dans les brins 
successifs sont décalés et le décalage va en aug- 
mentant depuis les extrémités du réseau jusqu'au 
milieu; il en résulte une modification du courant 
moyen I, dans le brin de rang p. En désignant 


par (1 + 22 la longueur AB on trouve : 
| I, | ~ cos CENT ch CEE (3) 


Quant à la phase de ce courant elle est donnée 
sensiblement par : 


1500—05). 
TAS (4) 
Б Үр = = : ie 
i+ оті (ёр — Aes 


Nous avons laissé de cóté la diminution d'in- 
tensité qui résulte du désaccord, car elle affecte 
proportionnellement tous les courants. 

Il résulte de là qu'un petit désaccord n'est pas 
nuisible à la directivité; en effet, dans la for- 
mule 3, la décroissance du cosinus circulaire qui 
résulte de l'augmentation de p compense en par- 
tie la croissance du cosinus hyperbolique. En 
outre, т étant unc quantité trés faible, la for- 
mule 4 montre que la phase varie trés peu d'un 
bout à l'autre du réseau si celui-ci reste dans les 
conditions de la pratique. Pour e =0,03 et p— 9, 
v, passe de 2° à 5° quand on va du brin extrême 
au brin de rang 9. 


Réseaux à rayonnement longitudinal. — Dans 
la pratique on n'a encore utilisé que des réseaux 
dont les antennes sont parcourues par des cou- 
rants en phase. De tels réseaux donnent lieu à 
un système de deux faisceaux transversaux, sy- 
métriques par rapport au plan du réseau et dont 
l'axe commun est normal à ce plan; pour obtenir 
un rayonnement unidirectionnel, il faudrait 
ajouter au précédent un réseau réflecteur. 

Avec un réseau dans lequel il existerait entre 
les courants de deux antennes consécutives une 
différence de phase correspondant à la différence 
de marche de l'onde entre elles, on pourrait obte- 
nir directement un faisceau unidirectionnel. Le 
faisceau serait longitudinal, c'est-à-dire que sa 
direction privilégiée serait dans le plan du ré- 
seau. Un tel faisceau serait notablement moins 
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étendu que le précédent dans le sens de la hau- 
teur, mais à égalité de la longueur du réseau, il 
serait beaucoup plus large. 

Ces réseaux seraient plus difficiles à construire 
à cause des différences de phases à réaliser, mais 
M. Latour a fait remarquer que l'on pourrait les 
obtenir facilement avec des antennes en grecques 
ou en dents de scie en utilisant soit des ondes 
stationnaires, comme ci-dessus, soit des ondes 
progressives; il suffirait d'établir un rapport con- 
venable entre les dimensions horizontale et ver- 
ticale d'un élément. 

Comme on pourrait songer à l'emploi d'un 
semblable système pour concentrer l'énergie 
rayonnée dans la direction horizontale, il est 
intéressant de comparer dans les PUE cas les 
champs obtenus dans l'axe du faisceau, 
de puissance dépensée. 

En supposant la hauteur ћ des brins verticaux 
du réseau très petite par rapport à la longueur 
d'onde, on peut calculer la puissance гауоппсе 
par un réseau simple de n antennes à rayonne- 
ment transversal. Avec les mémes notations que 
ci-dessus, on trouve en unités pratiques (*) : 


à égalité 


Wi = 30 x? n? EK eff: 


D'autre part, si W, désigne la puissance 
rayonnée par un réseau à rayonnement longitu- 


(°) Mesny. Rayonnement des réseaux. — C. R., T. 184, 1897, 
1047. 


dinal, avant la méme longueur et le méme nom- 
bre d'antennes de méme hauteur, parcourues 
par le méme courant, on trouve au deuxiéme 
ordre prés 


W,—W4, — 9 (^"sin*u 
ud | du 


Wr ^. ral u 

et cette quantité est inférieure à 0,08 quand Ја 
longueur 2 l est:7 5). Les deux réseaux dépen- 
sent donc à peu près la méme puissance pour 
produire le méme champ dans la direction privi- 
légiée, puisque celui-ci ne dépend que du nom- 
bre des antennes, de leur forme et du courant 
qui les parcourt. Mais le premier rayonne deux 
faisceaux symétriques; si l'on y ajoute un réflec- 
teur et que l'on maintienne la méme intensité 
dans les antennes, on double le champ dans la 
direction privilégiée et le calcul montre que la 
puissance à fournir est seulement doublée. 


On en déduit facilement qu'à champs égaux 
dans la direction privilégiée, un réseau unidirec- 
tionnel à rayonnement transversal demande 
deux fois moins de puissance environ qu'un 
réseau à rayonnement longitudinal. Cette con- 
clusion doit étre prise en considération dans la 
recherche d'un systéme concentrant le plus pos- 
sible le rayonnement dans le voisinage de l'hori- 
zon; il n'est d'ailleurs pas établi qu'une telle соп- | 
centration soit avanlageuse pour l'établissement 
de communications sur ondes courtes. 


A NEW TRANSFORMATION IN ALTERNATING CURRENT THEORY 


WITH AN APPLICATION 


TO THE THEORY OF AUDITION 


by BALTH. VAN DER POL, D. Sc. 


In ordinary linear alternating current theory 
an inductive reactance is usually represented by 
+ јо while a capacitive reactance is denoted 
by — Z.. Therefore the imaginary part of an 
impedance may have a positive as well as a nega- 
tive sign. As long as positive resistances only 
were known the real part of an impedance was 
always positive (independant upon the constitu- 
tion of the network considered). But with the 


advent of negative resistances (such e. g. as the 
arc, the dynatron or the triode with retroaction) 
the real part of an impedance, like the imaginary 
part, may have both signs. 

lhe transformations to be considered here 
(and which пау be called j-transformations) 
consist of multiplying all complex impedances 


of a network by j, j^, Ј and j* respectively where 


j-N— 1. Through mathematically these trans- 


14 
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formations obviously only represent а turning 
of the impedance vectors by angles à: T, ЈЕ 
and 2 = respectively the physical interpretation 
of these transformations may lead to some new 
circuils or to at first sight unexpected relations 
between circuits with well-known properties. 
Obviously the j'-transformation transforms 
the circuit into itself and therefore does not vicld 
anything new. On the other hand the /^-traus- 
formation implies the multiplication of any cir- 
cuit element with — 1. This means that in the 
network considered every positive resistance is 
to be replaced by a negative resistance of the 


same absolute amount, and vice versa. More- 
A А o~ 
see \ 
L= са? 


Гіс. 1b. 


Fic. la. 


over every positive inductance must be replaced 
by a negative inductance and vice versa, and 
also every positive capacity by a negative capa- 
city and vice versa. With this physical inter- 
pretation of the j? transformation anv network 
thus transformed retains its impedances (but 
multiplied by —1) for all frequencies. The 
necessity of constructing negative inductances 
and negative capacities does not (at least on pa- 
per) yield any difficulties, now that negative 
resistances are at hand; for the equivalent net- 
work of figure la is figure 1b as can be easily 
verified. 

We can thercfore with the aid of two positive 
and one negative resistance and a capacity con- 
struct a negative inductance which is indepen- 
dent of frequency. The circuit of figure 1а thus 
behaves exactly as if between the terminals A—B 
a negative inductance were inserted of amount 
L=CR’. 

Similarly, a negative capacity (again indepen- 
dent of frequency) may be obtained as in figure 2 
which speaks for itself (*). Thus the network 


(*) See BARTLETT, Journ. Inst. of Electr Епа. London, 65, 
373, 1927 ; also : British Patent 278.036. 


осло заната заа M CAMDEN RM CMM MM M EM CMM a MEM CC NCC MU 


of figure 2a is equivalent to a negative capacity 
of amount C= LR? (fig. 2b), as is easily verified, 

Of course unstabilities often arise in circuit 
comprising, inler's alias, negative resistances. 
The stability of such a circuit can, however, be 
calculated. We therefore imagine with Barkhau- 
sen (Phys. Zschr., 27, 43, 1926) а small induc- 
lance lo be inserled in series with an arc, and a 
small capacity to be shunted to а dynatron or 
triode. This system can then further be investi- 
gated with the aid of the Hurwitz determinants, 
giving the conditions that the real part of all the 
roots of an equation are negative. (I found that 
these determinants can be considerably simpli- 
fied and hope to report on this subject shortly.) 

Coming now to the j-transformation and the 
j -transformation it will be clear that the latter 
can be derived from the former by а j^-trans- 
formation so that we can further limit ourselves 
to consider thc j-transformation only. 

As the reactance of a self inductance and of a 
capacity depends upon the angular frequency o 
of the impressed E.M.F. the j-transformation 
can be used for one given frequency at the time 
onlv, so that when a different frequency is con- 


А 


Fic. 2b. 


sidered the physical, numerical result of the 
j-transformation is also different. In applying 
the j-transformation, every positive resistance R 
іп the network, through the multiplication by j, 
becomes jh, and this has to be interpreted physi- 
саћу as joL', i. e. every positive resistance R 
is transformed into an inductance L’, of amount 
[' == Ко tt. Similarly every negative resistance 
—R has to be replaced by a capacity C’ such that 
C'—(oR) t. Further, every impedance jwL be- 
comes jjwL=—wL=—R’, 1. с. every induct- 
ance L has to be replaced by a negative resist- 
R’ of an amount А’ = (oL)! Finally, 
becomes = 


ance 


wC 
Лиз expression is real and positive, 


em 1 
every capacitive reactance jot 


(С). 


Union Radio Scientifique Internationale . 163 


hence every capacity (of value С) has to be 
replaced by a resistance R’, where R'— (o€C)-!. 

It will be clear that in ordinary vectorial 
representation the j-lransformation simply 
means revolving a vector diagram as a whole 
over 90°, and then to inquire into the physical 
meaning of the revolved diagram. 


The j-transformation could obviously be 


extended to transformations such as a j? -trans- . 


formation, mcaning a rotation over an angle D 
However, we will limit ourselves here to integral 
powers of j only. 

Consider e. y. a series connection of L, C, +r, 
and — ғ. Upon this linear system an E.M.F. be 
impressed of angular frequency e. By varying 


Fic. За. 


Fic. 3b. 


the L ог the C we may bring ће system into 
« reactance-resonance ». When, as in a wireless 
receiver with retroaction, we thereupon make r, 
as near as possible equal to r, (i. e. adjust the 
retroaction to the critical point), we do the same 
thing over gain, but only after one j-transform- 
ation, and one could say in a broad sense, that 
adjusting the total resistance near zero value 
means bringing the system into « resistance- 
resonance ». 


We will now consider some simple a. c. cir- 
cuits having special properties and inquire as 
to what becomes of them after a j-transform- 
ation. 


Example 1. 


Consider figure 3a, representing a well-known 
circuit, such as often used, e. g., in a triode 
amplifier. This circuit has the property that 
for resonance, i. e. for 


JoL = — — (1) 


the equivalent impedance Z,, between the 
points A-B is 


(2) 


Lap, — Ор 


and is therefore real, i. e. a pure resistance. 
After one j-transformation, figure За is changed 
into figure 3b, such that 


joL =— №, 
1 | 
ToC = + fz, 
r = јо“, 

r = joL'. 


"fü (11) 


i. e. in the derived circuit the equality of the 
moduli of the two resistances corresponds to the 
resonance condition of the original circuit. And, 
further, the special property (2) of the original 
circuit becomes, after our j-transformation : 

— 7,7, — w? L"? 


aura IE 


oL" + r” 


Qu? L’? (7) 


or, in other words, the system of figure 3b be- 
haves as a pure inductance when the numerical 
values of — r’, and r’, are made equal. 


Example 2. 


The circuit of figure 4a has the property that 


when 
1 


joC 


i. e. in resonance, the current i, through the 


0101010 


Fic. 4b. 


Fic. 4a. 


arbitrary impedance Z is independent of this 

impedance, viz. 
E 

pos 3 

12 joL (3) 

After the application of the j-transformation, 

figure 4a becomes figure 4b. Неге, again, the 

resonance condition of figure 4a is changed into 

the equality of the numerical values of the two 


164 Union Radio Scientifique [Internationale 


resistance —" and r' in figure 45. The arbitrary 
impedance Z of figure 4a is transformed into 
another arbitrary impedance Z' of figure 4b. 


Again (8) changes into 


E 
Y 4 ЕС = = , 3! 
t : (3) 


or in words : the current through Z' is indepen- 
dent of the impedance Z' itself so that, when 
instead of E sin wt, an E.M.F. is applied of arbi- 
trary wave-form, the current through Z' is an 
exact image in amplitudes as well as in phases 
of the applied E.M.F. (*). 

Example 3. 

Let a given current i be flowing between the 
terminals А and B of figure ба. It is easy to 


116. 5a. Fic. 5b. 


show that for resonance the P. D. E, developing 
accross the impedance Z will be 
i 
£c jol 
and therefore does not depend upon the value 
or constitution of Z. 

The j-transformation of figure 5a is given by 
figure 5b. If in the latter the negative resist- 
ance —r' is numerically made equal to the 
positive resistance r', then the P. D. developping 
across the arbitrary impedance Z' is an exact 
image of the current i' entering the system, 
independent of its waveform. 

Example 4. (Application to the theory of 
audition.) 

Consider the circuit of figure 6a. For an 
impressed E. M. F. of a frequency о given by 


Fic. 6b. 


Fic. ба. 


Qj? == —— 4 
2LC (4) 
(°) This porperty of figure 4b was already derived by 
Dartlett, 1. c. 


the impedance Z,, between the terminals AB is 
given by 


where 
tang 9 = о СВ. 

We therefore see that for the specific frequency 
given by (4) the modulus of the impedance 
between the points A and B of figure 6a does not 
vary with the value of R. If, thus, an alternating 
E.M.F. of constant amplitude and of frequency 
w? = (2LC)—' is maintained between the term- 
inals A-B, the amplitude of the current through 
the L branch is unaffected by the value of R, but 
its phase is. This is a very valuable property 
for measurement purposes, as we can change the 
phase over 180? without affecting the amplitude. 

When we now apply again the j-transforma- 
tion to the system of figure 6a, figure 6b is 
obtained. 

The frequency condition (4) of the former cir- 
cuit, which can be written 


— 1 
L= 
Ew 2j w C 


now becomes 


R; = 2R, 


and does not depend upon the frequency. The 
impedance Z’ „у of figure 6b now becomes 


ien at 


ZB — — R, . R ToL = R;e- ?/9' (8') 
2 


where 


L' 
tang 4! = T (6) 


? 


Our circuit of figure 6b has therefore the 
following properties : the modulus of the impe- 
dance of the network between the points A' and 
B' is the same for all frequencies and does not 
depend upon the value of L'. The phase, however, 
does depend upon the value of L'. If we there- 
fore apply an E.M.F. of any complicated wave- 
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form to the terminals A'B' all the amplitudes 
of the various harmonic components ој the 
current entering at A’ will be exactly propor- 
tional to the corresponding amplitudes of the 
harmonics of the E.M.F. The phases of the 
currents, however, are shifted relatively to the 
phases of the E.M.F., and to an amount depen- 
ding upon the frequency. 

The limiting cases can be recognized directly. 
For a very low frequency the L' branch forms a 
short circuit in parallel to the R’, branch. Hence, 
for a very low frequency the impedance Z', ,, 
approaches — R',. For a very high frequency 
on the other hand the branch L' (in parallel to 


8 
= j fw) 


the В”, branch) can be ignored, thus leaving a 
total impedance Z’,,,,=—R’,+ А, = —А, +2 А", 
= + R’,. Thus the total possible phase-change 
is 180°. 

Several circuits possessing the above proper- 
ties can be designed. Some other instances аге 
given in figure 7. (By Z=jf,(w) is meant any 
impedance consisting of inductances and capa- 
cities only.) 

For all those circuits having the above pro- 
perty the impedance Z can be expressed as 


f. (©) — jf (о) о 
LR = Re 0 
LU) Јо) 
where 


f (9) 
fe (о) 


tang 0 = 


and where f,(w) and f,(v) represent and even 
and an odd function of о respectively, and where 
R represents an ohmic resistance. 

lt rnay be remarked that the circuits consi- 
dered are quite different from the circuit of 


figure 8, described by Möller (*) where the 
amplitude of the potential between A-B is inde- 
pendent of the frequency of the source E sin о f, 
while the phase is dependent upon it. However, 
this is only true as long as the internal resis- 


Гіс. 8. 


tance of the source E sin wt is zero, which is dif- 
ficult to realise in practice with triodes. 

The property described of leaving the ampli- 
tudes of all the composing harmonics untouched 
but only changing their phases gives us a means 
of verifying experimentally the well known 
acoustical law of Ohm, stating that our ear per- 
ceives from a complicated sound the amplitudes 
of the various components only, but that it can 
not recognize the phases of those components. 
Therefore arbitrary changes made in the phases 
of the components does not vary our perception 
of a sound as long as the amplitudes are left 
unaltered. 

Now, in order to test this law the circuit of 
figure 9 was used. 

The first triode acts as an amplifier, while the 
second triode is used as a dynatron providing the 
negative resistance. Essentially this circuit is 
equivalent to the circuit of figure 10. The 
current through R represents an exact amplitude 
image (not phase image) of the grid potential of 
the first triode. The potential variations over R 
are grid potential variations of the third triode. 

If the circuit of figure 9 is properly adjusted, 
the amplitudes of the various components of the 
sound spoken in the microphone are unaffected 
by a change of C, but their phases are. 1f, now, 
one listened to a loudspeaker connected to the 


(*) H. G. MórtFR, Schiingqungsaufgaben, Hirzel, Leipzig, 
1928, p. 43. 
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output side of the circuit of figure 9 while some 
one else spoke into the microphone set up in a dif- 
ferent room, not the slightest difference would 
be observed after a pronounced change (up to 
180° and, with a L inserted in series with the C, 
even 360?) of the phase of the components. This 


Ф 
fróm to om fier 
"uo and telephones 
e 


Fic. 9. 


Гас! was verified by several persons, so that the 
above law of Ohm was found true for phase 
changes up to 860°. Obviously the microphone 
and the amplifier produced some phase changes 
already. The fact, however, that the phases of 
the higher components could be advanced as 
well as retarded, makes the above conclusion 
justified. 

For non-periodic sounds such e. g. as the 
spoken language, phase retardation тау be 


Ета. 10.. 


conceived of any amount extending bevond 360". 
For instance, at the receiving end of a long tele- 
phone cable the time of arrival of the higher 
speach components may ђе considerably diffe- 
rent from that of the lower components; this 
relative retardation may obviously amount to 
several periods. One cannot expect the ear to 


be absolutelv insensitive to such long relative 
relardations, and practice with cables bears out 
this fact plainly. | 

For periodic sounds (such as vowels) and nor- 
mal amplitudes, however, the above experiments 
conclusively confirm the classical acoustical 
law of Ohm, which was also found to be valid 
for a periodic sounds (the spoken word) as long 
as the relative phase retardation between the 
high and low components was not greater than 
360° of the high components. 

Finally, oscillograms were taken of various 
vowels with and without changes of the relative 
phases, and the curves for the vowel a (the pro- 
nuncialion in the Dutch language of this vowel 
is quile near that of the German language) is 
given in figure 11, where the lower oscillogram 


— Eos ee — — -~a — — — 


——— | 
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Fig. И. 
gives the undistorded vowel while the top 
one is phase-distorded (fundamental frequency 
= 140 хес.7"). It is curious to note that, though 
the wave-form of the two oscillograms is quite 
different, there is not the slightest difference 
audible. This oscillogram was taken by Mr. van 
der Mark of this laboratorv, who in another 
article describes the technique of these experi- 
ments (where also further instances of vowel 
oscillograms will be found). 


Eindhoven, Natuurkundig Laboratorium 
der N. V. Philips' Gloeilampenfabrieken 
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ORIGINES DES TERMES GYROSCOPIQUES DANS LES ÉQUATIONS 
DES APPAREILS ÉLECTROMÉCANIQUES, 


par PH. LE CORBEILLER. 


Ingenieur en Chef des Télégraphes, Docteur ès Sciences. 


SOMMAIRE. —- On montre que pour que les équa- 
lions d'un système contiennent des termes gyrosco- 
piques, il faut que l'expression de son énergie ciné- 
tique en fonction des coordonnées généralisées du 
système contienne des termes du premier degré dans 
les vitesses. Cela peut provenir analytiquement de се 
que certaines de ces coordonnées sont ignorables; 
physiquement ceci correspond à des liaisons méca- 
niques sans frottement ou à des circuits électriques 
sans résistance. Mais on peut aussi, plus simplement, 
el sans négliger de résistances, faire la théorie des 
appareils monophasés à excitation continue en consi- 
dérant leur mouvement comme une perturbation 
(une « modulation ») de l'état de repos mécanique 
dans lequel la f. е. m. continue d'excitation est la 
seule force appliquée. Les équations des appareils 
suivants sont formées à titre d'exemples : téléphone, 
haut-parleur électrodynamique, émetteur Fessenden, 
vibromètre, condensateur parlant. 


1. Les équations classiques du téléphone, 
données pour la première fois par Poincaré 
(L 2) (*) sont, sous la forme condensée que per- 
met la notation symbolique 

20 — Аі =f 


Av+Zi=e (1) 


v, i, f, e, sont respectivement la vitesse du centre 
du diaphragme, le courant téléphonique, la force 
mécanique el la force électromotrice appliquée, 
toutes quantités supposées sinusoïdales pures et 
de fréquence w/2z; 2, est l'impédance mécanique 
z du diaphragme, corrigée, Z l'impédance élec- 
trique de Гепгошетепі téléphonique, А un 
coefficient constant. 

Le fait que les termes Av, — Ai, ont des signes 
différents a souvent été relevé, et contrasté avec 


C) Les chiffres précédés de Та lettre 1, se rapportent à Ја 
liste placée à la fin de cette note. 


le fait que les termes analogues des équations du 
transformateur 

Lyi, + Lite = €, 

Lits + = e, 


sont de même signe. On appelle parfois ces ter- 
mes de signes contraires, termes gyroscopiques. 
Les équations d'autres appareils, par exemple le 
haut-parleur Gaumont, présentent des mêmes 
termes de même forme. Je me propose de mon- 
trer quelle est l’origine de ces termes en méca- 
nique, et comment des circonstances analogues 
les introduisent aussi en électromécanique. Je 
m'inspire surtout pour cet exposé de Thomson 
el Tait (L1) (**) que la question a particuliè- 
rement préoccupés, et de Winkelmann et Gram- 
mel (L6). 


2. L'origine véritable de tous les termes de 
l'espèce se trouve dans l'accélération complé- 
mentaire que subit un point dans le mouvement 
relatif. On sait que si un point est en mouvement 
par rapport à un systéme lui-méme en mouve- 
ment par rapport à un autre que l'on considére 
comme absolument fixe, l'accélération absolue 
du point est la somme de trois termes : l'accé- 
lération relative, l'accélération absolue du point 
coincidant, et une accélération complémentaire 
dite de Coriolis. Celle-ci est égale au double du 


(**) Tous les Anglais ont entre les mains ce qu'ils appellent 
h fi and ti, c'est-à-dire le traité de mécanique de Tait et 
Thomson. Il est peu d'ouvrages classiques qui contiennent 
tnt de vues originales et profondes; il y a des théories qu'on 
ne trouve que là et que les ouvrages similaires du continent 
пе reproduisent pas, je ne sais pas pourquoi, Telle est la 
théorie des petits mouvements par le moyen des équations 
de Lagrange et Hamilton avec des applications à la stabilité 
des mouvements gvroscopiques, soit qu'on ne tienne pas, 
soif qu'on tienne compte du frottement... (POINCARÉ, Saranis 
el Ecrivains: Lord Kri\iIx.) 
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produit extérieur (ou vectoriel) de la vitesse rela- 
tive du point par la rotation instantanée du svs- 
téme mobile. Prenons le cas le plus simple pos- 
sible, celui d'un point de coordonnées x (t), y (0) 
par rapport à des axes rectangulaires Or, Oy, 
tournant dans leur plan avec la vitesse angulaire 
constante о. 


Les projections sur les axes mobiles Or, Oy, 
de l'accélération absolue du point sont : 


xz" + дођу — wr 
y! — 204' — wry 


(y rel + у Cor + y coinc) 


el nous voyons apparaitre des termes gyrosco- 
piques 2uy', — 2wx'. Le caractère de ceux-ci est 
1? d'étre proportionnels aux vitesses ou, d'une 
maniére générale, aux dérivées et coordonnées 
par rapport au temps; 2? que les coefficients des 
vitesses (non constants en général) forment un 
tableau symétrique gauche, c'est-à-dire tel que : 


din = — Anis Ai, == 0. 


Tel est bien le cas ici, оп les termes proportion- 
nels aux vitesses sont 


id 


0 » 6» 


leurs coefficients | 
| — 2w 0 


formant le tableau 


— 2о + 0. y!, 


Nous saisissons sur ce cas élémentaire que les 
termes gyroscopiques ne sont que l'expression 
cartésienne de l'accélération de Coriolis. 

Il en sera exactement de méme si nous consi- 
dérons le mouvement relatif dans l'espace; la 
rotation instantanée w du système mobile ayant 
(p, q, r) pour projections sur les axes fixes, les 
projections du double produit extérieur de о 
(р, q, т) par Vu (2, y”, 2) sont : 


о) l Daa! 
„Ту = 
+ 3pz' 


0 +2r —94 
—?r 0 + 2p 
+ 90 — 2p 0 


T E d'ou 
-— ala 
le tableau 


+ 202' — Зру' 


3. Cherchons sur ces deux exemples d’où 
seraient venus ces termes si nous avions appli- 
qué la méthode de Lagrange. On sait que si T 
est l'énergie cinétique d'un système de points 
exprimée en fonction de leurs coordonnées qi, 


Фу, ... Qj, les équations du mouvement du 


système sont 
d (әт aT 
9-6 
[ход оф 


oü Q, est la force appliquée relative à la соог- 
donnée q;. Dans le cas du mouvement plan, on a 
l'expression suivante de T en fonction des coor- 
données relatives 


1 
T = 3 m[z"ry^ + 20 (yz' — ту") + wt (a + 00). 


Les termes gyroscopiques provenaient donc 
des termes Т, = то (yx — ху), du premier 
degré dans les vitesses, comme il est aisé de s'en 


F16. 1. 


assurer. De méme dans l'espace, les termes 
gyroscopiques provenaient des termes 


T, = m|p (sy! — y) + ( ar — 227) + r (ya! — ay')] 


dans l'expression де T. 

Plus généralement, s'il existe dans T un terme 
Big, (Bix constant), ce terme fournira dans 
l'équation relative à la variable q; un terme 


et dans l'équation relative à la variable q, un 


terme 
d fat , 
ai (97) = Bat 


D'une manière tout à fait générale, s'il existe 
dans T des termes du premier degré dans les 
vitesses 

T, = В. + Bigg + + + Bii + s 


et que l'un au moins des coefficients B;, fonc- 
lions des coordonnées qi, q2, ... contienne effec- 
tivement une coordonnée q, autre que q;, le 
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terme correspondant, B,(q.)q’, par exemple, 
fournira dans les deux équations relatives aux 
variables q, et q, les termes 


d or or oB, ' 
"de е 
d (aT aT oB, , 

amer 6 — m Z 000 + саи qe + ees 
dl 94 9 (e QUE 


Ainsi l'existence de termes gyroscopiques dans 
les équations d'un système est liée à la présence 
de termes du premier degré dans l'expression T 
de son énergie cinétique. 


4. Dans la mécanique des systémes on a 
affaire à un certain nombre de corps solides 
assujettis à des liaisons. La méthode de Lagran- 
ge, sous sa forme originale, s'applique au cas 
oü ces liaisons ne dépendent pas du temps, et 
s'expriment en termes finis. Dans ces conditions 
l'énergie cinétique T est une fonction homogéne 
quadratique des vitesses généralisées q;. Il résulte 
que, en l'absence de termes du premier degré 
dans T, il ne peut pas y avoir dans les équations 
de termes gyroscopiques. 

Pour que l'énergie cinétique T puisse contenir 
des termes du premier degré dans les vitesses, 
il faut donc que l'on s'écarte des conditions où 
s'est placé Lagrange. Ce sera le cas, notamment, 
si les coordonnées а, cessent à elles seules de 
définir complétement le mouvement du systéme. 

On rencontre effectivement des termes gyros- 
copiques lorsqu'on se pose des problèmes des 
genres suivants : 

a) On cherche le mouvement du système rela- 
livement à un systéme de référence lui-méme en 
mouvement (Exemple: le mouvement d'un point 
relativement à des axes tournants) (par. 2). 


b) Les liaisons dépendent du temps (liaisons 
dites cinétiques); ce cas généralise le précédent. 

c) On cherche les petites perturbations du 
Mouvement stable d'un système, lorsqu'on lui 
applique de petites percussions ou de petites 
forces données. Les nouvelles coordonnées étant 
alors les petites variations des anciennes, les- 
quelles sont supposées connues en fonction du 
lemps, on voit qu'il s'agit ici encore d'un pro- 
bléme de mouvement relatif généralisé. 


d) On cherche à connaitre en fonction du 


temps quelques-unes seulement des coordonnées 
du système. П n'est pas possible en général de 
s'occuper ainsi de certaines coordonnées, en éli- 
minant les autres; un cas où cela est possible, est 
celui où les coordonnées laissées de côté satisfont 
à certaines conditions; elles sont dites alors « ca- 
chées » ou « ignorables ». Nous allons examiner 
ce dernier cas de plus près. 


5. П peut arriver qu'une certaine coordon- 
née q; d'un système ne figure pas par elle-même, 
mais seulement par sa dérivée q;, dans l’expres- 
sion de l'énergie cinétique T du système. On dit 
que q; est une coordonnée cyclique (parce que 
telle est notamment la coordonnée angulaire 9 
qui détermine la position d'un solide de révolu- 
tion autour de son axe; T contient au moins un 
terme : Ce", C moment d'inertie, mais en 
général ne dépend pas de 4). Si de plus la force 
appliquée Q; relative à q; est nulle, on dit que q; 
est une coordonnée cachée ou ignorable. On peut 
alors obtenir des équations du type de Lagrange 
oü ne figure plus la variable q;. 

Supposons par exemple que le systéme dépen- 
de de trois coordonnées q,, q2, qs qui le définis- 


sent entiérement. L'énergie cinétique est homo- 
` . ! j а 
gène quadratique еп фі, 9, 43 : 


1 : 1 : 1 : i - 
Т= 3 А.д + 5 Аз 2 + 3 Азиз + В,д ћ + 8,050. + Baqi 2. 


Supposons que la variable q, soit ignorable. 
Les А et B sont alors fonctions de q,, 9: et peut- 
être t, mais non de q;, et la force Q, est nulle. 
L'équation de Lagrange relative à а, 


d 29 oT 


di\aq;) оф 


d foT 
rcs) 
16 


d'où une intégrale première 


est donc ici 


oT , 4, , 
20; = À40, + Biq: + Baq; = const = Ф. 
3 


On forme alors la fonction de Routh 
R = T — dq; 


1 , 1 , ГА ГА 1 ГД 
= 9 Аде + 9 Ад + Вз, — 9 Аз у 


1 "NE PAM - 1 А 
= 5 Aig? + 9 Ae + В: — xa C — Bo, — B, (7). 
= 213 
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Routh a démontré (voir par exemple Pomey 
[1.8], p. 71) que si l'on traite la fonction R (qi, 9) 
comme l'énergie cinétique d'un systéme, on ob- 
tient, sans changer les forces appliquées Q, et 
Q;, des équations 


d 2) oR 
(=) = 0, 
оф, од, (8) 
JC MP 
diNoq; dah —— 


qui donnent correctement, en fonction du temps, 
les coordonnées q;, qa de notre système (qı, q;, 
qs); mais la coordonnée ignorable q, a disparu. 

Or il est trés remarquable que R n'est plus 
homogène quadratique dans les vitesses; il est 
décomposable en |, +R, + В,, et on a en parti- 


culier : 
ф 


p | 
R, = А, Ајд, + А, А, (>. 


Les équations (2) contiendront donc еп général 
des termes gvroscopiques. 


6. Le gyroscope est précisément un système 
de ce genre, du moins tel qu'il est ordinairement 
concu et employé (*); d'où l'expression « termes 
gyroscopiques ». Vérifions-le. Soient Ф, 9 et o 
ses coordonnées (angles d'Euler : ф précession, 
6 nutation, & rotation propre), A=B et С ses 
moments d'inertie principaux; on a : 


2T = Ap! + Bg? + Cr? = A (07° +  sin*8) + С(Ф' cos + е"). 


Les coordonnées ф et # sont donc cycliques. On 
suppose qu'il n'y a ni frottements, ni liaisons 
élastiques. Еп général, il n'v a pas de couple 
appliqué avant pour axe l'axe du gyroscope: la 
coordonnée e est donc ignorable, mais non у. La 
troisieme équation de Lagrange est : 


d 
mis. cos § Ф') = 0 
d'où 
C (4 cos § + 9") = const == Ф 


(ce que donnerait directement le théorème Ап 


"Себе restriction vise les appareils evroscopiques asyn- 
thrones de M. Salomon (LS). 


moment de la quantité de mouvement); la fonc- 
tion de Routh est : 


R = T — Фе " | 
= Т + ф' si T + = cr cos? — 1c d 
= 9 n ) 9 å 9 ? 
= 1 Авер Ы (А 5102 0 + Ccos?0) p’? — EA (Ф — Ccos 0. ^y 
2 2 2C 
d'oü 
R= LAUS 4 ЈА in? 9, p' R, = Ф cos 6. Ф'; 
? 9 2 sin x , Гар • , 


\ E : 
on a donc les deux équations en Феї 6 


| СЕБЕТКЕ" 


dt\ay') ag 
d /aR, eR, 
—(— )|—— + Ф віп 0.4 = 
a (50) 38 T Y= 
où les termes gyroscopiques sont en évi- 


dence (**). 


7. Jusqu'ici nous avons utilisé uniquement le 
langage de la mécanique analytique; mais tout 
ce que nous avons dit s'applique à des systémes 
électromécaniques, dans la mesure où l'on peut 
considérer, suivant l'idée de Maxwell, la quan- 
lité d'électricité qui traverse à l'instant ¢ une 
section fixe d'un conducteur linéaire comme une 
coordonnée de Lagrange, le courant i comme sa 
vitesse, l'énergie électromagnétique comme uue 
énergie cinétique et l'énergie électrostatique 
comme une énergie potentielle. Nous allons 
appliquer les théories qui précèdent à quelques 
appareils électromécaniques; il n'est pas douteux 
qu'elles n'aient un champ d'application beau- 
coup plus étendu. 


8. La théorie du récepteur téléphonique par 
Poincaré (L 2) offre un exemple de l'emploi de 
variables cachées. Un récepteur téléphonique 
comporte un aimant permanent. Or les systèmes 
considérés par Maxwell ne contenaient pas d'ai- 
mants. Poincaré se propose de généraliser les 
équalions de Lagrange-Maxwell et de montrer 
qu'elles subsistent lorsque le système comprend 
des aimants, permanents ou non. А cet effet, il 


—— 


(**; L'analogie de ces équations et de celles d'un alterna- 
leur cou moteur synchrone rotatif а conduit M. Salomen 
ё da construction d'un remarquable modèle mécanique d'un 
alternateur, comprenant un gyroscope (1,9). 
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considére un aimant comme constitué par un 
grand nombre de courants particulaires (АМРЕВЕ) 
qui n'ont ni résistance, ni capacité et qui ne 
contiennent pas de f. e. m. Dans ces conditions, 
les variables q relatives à ces courants n'entrent 
dans l'énergie potentielle que par leurs dérivées, 
les forces appliquées sont nulles et toutes ces 
variables sont des variables cachées. Elle s'éli- 
minent toutes à la fois lorsqu'on forme la fonc- 
tion de Routh, R- T — 2Ф,4;, dont Poincaré 
donne les propriétés, et il ne reste plus dans le 
cas du récepteur téléphonique que les deux varia- 
bles électrique et mécanique d'entrée et de sortie 
du système liées par les équations (1). Nous 
avons donc là un exemple de termes gyrosco- 
piques obtenus par la voie (d) (par. 4). 

Sous linfluence de cet exemple célèbre, on 
pourrait croire que ce sont des variables cachées 
qui expliqueront en général la présence de ter- 
mes gyroscopiques dans les équations des appa- 
reils électromécaniques. Cela ne serait pas exact. 
En effet, dés qu'on abandonne les courants parti- 
culaires, qui par hypothèse ne rencontrent au- 
cune résistance, pour étudier les courants de 
l'électrotechnique ordinaire, par exemple lors- 
qu'on remplace dans un schéma d'appareil un 
aimant permanent par un électro-aimant, on 
doit mettre dans les seconds membres des équa- 
tions de Lagrange des chutes ohmiques de ten- 
sion de la forme — Ка“, et la variable а corres- 
pondante cesse d'étre une variable cachée. 

Il se trouve que les équations de telles ma- 
chines 's'obtiennent en toute rigueur par une 
méthode bien plus simple que celle des variables 
cachées, comme nous allons le montrer sur un 
exemple. Et les termes gyroscopiques provien- 
nent de la cause (c) que nous signalions plus 
haut : c'est que l'on étudie les petits mouve- 
ments d'un système autour d'un. mouvement 
stable. 


9. Nous poserons les hypothèses suivantes. 
L'appareil que nous examinons est un appareil 
électromécanique oscillant monophasé, à ezci- 
lation continue. П comporte sous sa forme type 
trois degrés de liberté, ou trois coordonnées : 
1° Une coordonnée mécanique . qui définit la 
position d’un organe mécanique oscillant (non 


pas tournant); 2° Une coordonnée électrique q, 
relative à un circuit magnétisant, alimenté par 
une source continue (batterie ou dynamo); 
3° Une coordonnée électrique q, relative à un 
circuit électrique destiné à porter un courant 
alternatif. Nous appellerons ces deux circuits, 
circuit d'excitation et circuit alternatif. Le circuit 
d'excitation joue un rôle essentiel, mais auxi- 
liaire; la machine est destinée à fournir de l'éner- 
gie mécanique par l'intermédiaire de son organe 
oscillant (piston, diaphragme...), lorsqu'on lui 
fournit de l'énergie électrique de méme fré- 
quence à ses bornes ou inversement; les deux 
cas se distingueraient par des conventions de 
signes que nous n'aurons pas besoin de préciser. 

Cela étant, le fonctionnement de la machine 
sera défini par les expressions : 


1" de son énergie cinétique T, 
1 '^ 1 L4 ‘oe 1 Vs 
= 12 + 5 bag? + Maude + 5 Legs; 


L,, M et L, sont trois fonctions de г, que la des- 
cription matérielle de la machine permettrait de 
calculer (certaines pouvant étre constantes); c'est 
en cela que consiste le couplage entre les parties 


mécanique et électrique de l'appareil; 


2^ de sa fonction de dissipation F, 
| F 1 " 1 ‘2 12e 
rois urb + К,42; 


nous supposons la résistance mécanique r et les 
résistances électriques R, et R, constantes: 


3^ de son énergie potentielle V, 


nous supposons qu'il n’y a pas de capacité dans 
le circuit d'excitation, et que les coefficients s 
(raideur) et C (capacité dans le circuit alternatif) 
sont constants. 

Les trois équations de Lagrange sont : 


„ ida, „ dM ,, dh, | 
Е ооу Mi= О ра — 82 
d | , 
ij; 4 + M4.) = e, — R, 
À (Му + 1,40 = — Rd — À 
dt eq: = е 242 C 


où f, е, e, sont les forces extérieures appliquées. 


119 Union Radio Scientifique Internationale 


10. J'examine d'abord un premier état de 
l'appareil; dans ce premier état j'applique une 
f. e. m. continue E au circuit d'excitation et 
aucune autre force f (mécanique) ou e, (électri- 
que). L'appareil sera mécaniquement au repos. 
Mais il passera dans le circuit d'excitation un 
courant continu i, et l'organe mécanique scra 
attiré à une distance x, de sa position d'équilibre 
propre; ces deux quantités étant données par 


€ Lı i = — sa 
9 \ dr ЕЧ 0 — | 0 (3) 


qui est ce que deviennent la première et la deu- 
xième équation; la troisième est alors vérifiée 
identiquement. 

Cet état de repos apparent est, pour la théorie 
de Lagrange-Maxwell, un état de mouvement, 
puisque la coordonnée q, a une vitesse i, non 
nulle. C'est là la circonstance paradoxale d'où 
vont sortir nos termes gyroscopiques. 

Cherchons, en effet, quelles sont les petites 
déviations du système à partir de ce premier état 
de mouvement si l'on impose des formes alter- 
nalives très petites f et e à l'organe mécanique 
et au circuit alternatif. Développons pour cela 
les fonctions de x, L,, M et L, autour de 2,, et 
posons : 


(Circuit d'excitation) 


L, (до + 3 =L БА, + AE + … 


(Couplage électrique) 
M (2 + 5) = M + В,5 + + 


(Circuit alternatif) 


+E) = Le + oo 


L; (2 


Nous aurons pour nouvelle coordonnée méca- 


» 


nique 5, et pour vitesse de la nouvelle coordon- 
пее du circuit d'excitation, i, —q,;— is. La coor- 


donnée 9: n'a pas changé; posons pour la sv mó- 
ds 
ut^? 
lique, et ne conservons que les termes du second 


degré au plus dans les nouvelles 


trie i= Formons la nouvelle énergie ciné- 
variables; de 
cette manière les équalions du système ne con- 
tiendront que les termes du premier degré dans 


les variables, les suivants étant supposés négli- 
seables. Il vient : 


4 1 ME 
T = 5 mb" + z Li Gr, + §)- (0 + à) 


1 " 
+ M (n + 5). (in + i) E+ 5 Le (@ +). # 


1 1 8 T 
= sie (Lii + AE + Mii) 


pa T D 
ep С + Bibi + 3 ме 
1 
+ (a mz? +- SLi + M? 1,4 T3 T i) + ee 


La nouvelle expression T contient donc main- 
tenant des termes du premier degré dans les nou- 


velles vitesses, les termes 
A, isi, et Biki. 


Ecrivons les équations de Lagrange : 


4 À 
ms" ЕЕЕ Ati ттт Bit mS А 125 pee 9 А, 1? = f UN rt > LN LÁ sÈ | 
x ; : 
a м“ Ф Aig! = E—R,i — Rit, 
li 
"m + В,1,5' =e—Ri— E 


En vertu des équations (3) de l'état de mouve- 
ment qui sert de référence, les deux premiéres 
se simplifient. Posons encore pour abréger : 


Ait = À, Bt = B, А; = 5,, 
il vient 
mz" + re! J- (s— 85 — Ai, — Ві = Ѓ | 
Ag! T LS + Ri + MT di _ of 
li 
BE! +M z; +1, ib Rit à m 


ce qui s écrit enfin, avec des notations évidentes, 


5.0 — Ан — Ві =f) 
Av + Zi +jMwi=0 
Bu + jMoi, + Zi NS 


Dans ce svstéme, les variables, toutes alterna- 
tives et de pulsation о, sont, d'une part, la 
vitesse v du mouvement de l'organe mécanique 
autour de sa position d'équilibre relatif х,, les 
variations у du courant d'excitation autour du 
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courant d'excitation moyen i,, et le courant 
inducteur (ou induit) i; d'autre part, la force et 
la f. e. m. appliquées (ou produites) f et e. Le 
systéme est linéaire par rapport à ces cinq varia- 
bles, et à une fréquence donnée, tous les coeffi- 
cients sont des constantes complexes х —a4 ja’, 
de sorte que si y et z sont deux quelconques des 
cinq variables, les trois autres s'expriment en 
fonction de celles-ci supposées connues sous la 
forme simple ay + 82; « et 8, constantes com- 
plexes, sont des impédances ou des admittances 
généralisées. 

I] est intéressant d'éliminer i, entre ces équa- 
tions; l'on obtient ainsi le système 


(s zb) (a— i Tims 
(8—е 7)" + (2+72 i=e 


sur lequel on voit nettement l'influence de l'exci- 
tation sur l'organe oscillant et sur le circuit alter- 
natif : 


1° l'impédance 2 de l'organe oscillant est modi- 
fiée par l'adjonction des termes 


2* les deux variables, mécanique et électrique, 
sont couplées, les coefficients des termes de cou- 


plage étant 
+ (ва, — jo 2x) ; 
L, 
3° l'impédance Z du circuit alternatif est mo- 


difiée par l'adjonction du terme 


Мо? 
Z 


On a donc pour équations de cette sorte de 
quadripôle électromécanique, à une fréquence 
donnée, 

(z + aiv — Bi. i= f 


Вр. о + (2 + у): =е (4) 


a, B, y. sont des constantes complexes, dont les 
deux extrémes peuvent étre nulles. On voit que 
(а correction de l'impédance mécanique, si elle 
existe, est proportionnelle au carré du courant 


moyen d'excitation (*), tandis que le couplage 
est proporlionnel à ce courant, et que la correc- 
lion de l'impédance électrique n'en dépend pas. 

On peut dans cet énoncé remplacer le courant 
d'excitation i, par la tension continue E de la 
source excitatrice (puisque E= R, i»). 


18. Enfin, si l'on élimine encore une des deux 
variables i et v, on obtient une seule équation 
dont le coefficient unique, en cas de court-cir- 
cuit mécanique ou électrique (f ou e — 0), a une 
signification importante pour le fonctionnement 
de l'appareil. On obtient ainsi : 


Вай FO + ү) (2 + ай), 
2 + 265 
ou bien 
_ BREE + G+ ait) 


e= 
Bio 


Le coefficient de i est l'impédance électrique 
d'entrée de l'appareil, point de départ de l'étude 
de son fonctionnement comme moteur électri- 
que à courant ou à potentiel constant. (On аећ- 
nirait de méme une impédance mécanique d'en- 
trée, pour servir à l'étude du fonctionnement еп 
générateur électrique.) Le coefficient de v est 
l'impédance électromécanique de transfert. Si 
l'on admet que la charge mécanique de l'appa- 


` reil, alimenté à potentiel constant, est constituée 


par une résistance mécanique constante r,,, que 
l'on a fait rentrer dans le coefficient r de z, la 
puissance utile recueillie est Мт, |v|’, et varie 
par conséquent, pour différents courants d'exci- 
tation i,, en sens inverse du module de l'impé- 
dance de transfert. Or, ce dernier est infini pour 
i, nul ou pour i, infini; il y a donc une valeur 
optimum pour le courant i, ou la tension E d'ex- 
citation, comme Га fait remarquer M. Lichte 
(L 4). Bien que l'étude des propriétés de ce type 
d'appareils soit en dehors du cadre de la présente 
note, nous avons indiqué celle-ci pour montrer 
le genre d'application qui a été fait des équations 
que nous commentons, et éviter qu'elles appa- 
raissent comme un exercice purement formel. 


18. Nous allons, à titre d'exemples, expliciter 


par la méthode précédente les équations de quel- 


(*) On s'explique que ce terme soit si important dans les 
haut-parleurs électromagnétiques. 
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Ii II I, —————— 


ques appareils. Commençons par le téléphone 
ordinaire, qui est le prototype des moteurs élec- 
tromagnétiques de nombreux haut-parleurs. 
Nous envisagerons un seul circuit électrique, 
mais dans ce circuit nous superposerons la 
Г. e. m. continue d'excitation E et la f. e. m. 
téléphonique alternative e. L'énergie cinétique 
du svstème est : 
T—lma*4 L (2) q^. 

Dans le premier état de l'appareil, nous suppo- 

sons que E est la seule f.e.m. appliquée (ni 


f.e.m. alternative e, ni force appliquée au dia- 


m, 


F1G. 3. 


phragme). Le centre du diaphragme est alors 
attiré d'une quantité xo. Nous poserons 


L (ay + E) = L + А,5 + АЕ + 


et nous aurons pour équations du premier état 


— 5 Ai = — St, 0 — E — Ri. 


Dans le second état nous appliquerons en plus 
de E les forces alternatives f et e et nous rappor- 
terons les élongations à l'abcisse x,, les courants 
au courant i,. L'énergie cinétique devient 


1... C D 
+ (amor + ur iti + ДАНЕ) ae 
9 9 1'0 9 0 


et les équations sont, еп ne conservant que les 
termes du premier degré 


dv 
т — Ay ihi — А, Ri А, = f— то — за, — sÈ 


LE + Ади = E + e — Ri — Ri | 


ce qui se simplifie en 


zw — Аі = f 
Av + 74 = е 


qui sont les équations (1) classiques. 


14. Passons aux moteurs de haut-parleurs dits 
électrodynamiques (Gaumont, par exemple). Ici, 
il faut supposer le circuit d'excitation et le cir- 
cuit alternatif distincts. La théorie est donc exac- 
tement celle que nous avons faite au par. 10. 

Toutefois L, (x) est indépendant de г; c'est sur 
la variation de M (x) que repose l'appareil (coeffi- 
cient B). 

Nous avons donc А,—А,—0, A=0, 2,=2, et 
les équations sont | 


20 — B: =f | 
Bv + jMwi, + Zi = е | 


Eliminant le courant d'excitation i, il vient : 


zv — Bi 


-f 
2(9? 
bo (2.77 Jise. 


Comme Z, est principalement une inductance 
y Lyw, on voit qu'en posant 


Z j E 


les équations du haut-parleur électrodynamique 
s'écrivent 


zv — Bi =f | 
By + Zi = e, | 


et présentent une symétrie assez curieuse avec 


celles du haut-parleur électromagnétique : dans 


–— = – — – ~ 


A= 


F16. 3. 


l'un, l'impédance mécanique est seule modifiée, 
el par diminution de la raideur; dans l'autre, 
l'impédance électrique est seule modifiée, et par 
diminution de la self-induction. 


15. Examinons l'émetteur sonore sous-marin 
de Fessenden. Ici le circuit alternatif est fixe, et 
le diaphragme est solidaire d'un cylindre de cui- 
vre mobile suivant son axe qui constitue un troi- 
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sième enroulement, constamment en court-cir- 
cuit. Hy a donc quatre degrés de liberté, dont un 
mécanique. Dans le premier état, nous suppose- 
rons que E est la seule f. e. m. appliquée. Bien 
qu'il n'y ait pas alors d'attraction du diaphrag- 
me, la simple modification de l'expression. de 
l'énergie cinétique résultant de ce que l'on rap- 


porte le courant dans le circuit d'excitation à sa 


А 5 = е 
Д 


FIG. 4. 


valeur moyenne i, sans toucher en rien aux 
autres coordonnées ni à leurs vitesses, va suffire 


à introduire des termes de couplage gyroscopi- 
ques. Cette ai nel est 


1 
T = и eom TES i Li + ~ ; Lait 
+ Ma (ai + "i (is + и is + Mie (i + 


où seuls les coefficients d'induction mutuelle M,, 
ct M,, dépendent de x. Mais comme nous ne vou- 
lons garder que les termes du second degré au 
plus, nous voyons que le terme constant dans le 
développement de М,,(2) va seul intervenir, de 
sorte que l'appareil repose sur la variation de 
М,,(2) seul. Posant donc 


M, (ro + 5) = M4 + СЕ + ·.. 


les termes intéressants dans le développement de 
T sont : 


IP 


1 
Т = "+9 Lif (aS ; La +5 La 


+ Mai, + Maii + Mot + Cio xt, + + 


p" P 


el les équations reliant les trois courants alter- 
natifs i, iz, is et ’élongation alternative x sont: 
20 — Cii, = f 
Zi, + 7M oi; + Мао = 0 
| Mai, + Lis + Мао = e 

Су + ЈМ зо, + ЈМаоћ + 25 = 


Le lecteur qui aura eu la patience de nous sui- 
vre jusqu'ici conviendra sans doute que ces équa- 


(8) 


lions pouvaient ètre posées au vu de la figure 
sans aucun calcul. Les trois circuits électriques 
sont couplés entre eux; le circuit qui est lié à 
l'organe mécanique est le troisième, et le coefli- 
cienl de couplage est. proportionnel au courant 
d'excitation moyen б. À droite, nous mettons les 
forces alternatives appliquées. Dans cette ques- 
lion comme dans bien d'autres, le difficile était 
de résoudre le probleme sous son aspect le plus 
simple (étude du téléphone par Poincaré): le 
il n'v a aucune difficulté 
à écrire les équations d'un appareil du méme 
type, méme beaucoup plus compliqué. 

Pour l'étude ultérieure du Fessenden, il faut 
naturellement éliminer i, et i; de manière à avoir 
les équations ди quadripóle électromécanique; 
ces équations ont la forme (4) déjà signalée. 


modèle une fois donné, 


16. Le remarquable appareil de mesure de 
MM. Nukiyama et Matsudaira, le vibrométre 
(L 5), a un circuit d'excitation, deux circuits 
alternatifs et un organe mécanique vibrant, et 
les deux circuits alternatifs sont liés à l'organe 
mécanique; les équations de l'appareil sont donc 
les équations (2), avec en plus deux termes Bi, 
cl Bv. Les auteurs пе s'étant pas, à juste titre, 
préoccupés de l'ondulation du courant d'exci- 
lation, trouvent-un système de trois équations, 
pleinement suffisant au point de vue pratique. 
Les remarques de ces auteurs sur leur appareil 
meritent la plus grande attention. 


17. Ainsi qu'on l'a vu en traitant successive- 
ment du téléphone et du Fessenden, et comme 


a b 


t 
| 
| 
| 
Le 
M R 
| 
L 
e 
FIG. 5 


il est bien clair analytiquement, on introduit 
des termes du premier degré dans les vitesses 
dans l'expression de T, condition nécessaire pour 
qu'il y ait des termes gyroscopiques, en étudiant 
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les petites vibrations du systéme autour d'un 
état de mouvement; si pour des appareils ne ren- 
trant pas dans le schéma que nous avons posé au 
$ 9, le premier état, état de référence, ne compor- 
terait pas de mouvement pour l'un au moins des 
degrés de liberté, il ne servirait de rien qu'il 
comportàt des déviations permanentes : nous 
n'obtiendrons pas de termes gyroscopiques. Nous 
n'en donnerons qu'un exemple, espérant revenir 
plus tard d'une maniére plus générale sur cette 


. classe d'appareils. Considérons un haut-parleur 


électrostatique ou condensateur parlant : a est 
l'armature fixe, b l'armature mobile de masse m 


Ld 


liée à un ressort. L'énergie cinétique du système 


est 


la fonction de dissipation 


1 
2 


1 3 
F = sre? + ; Кд" 


et l'énergie potentielle 


Les équations de Lagrange sont 


no = [— ту — s? m Jo) 
dt 2 [C (z)f 
di Q 

Lugo аии MU 


Appelant d la distance des armatures lorsque 
aucune f.e.m. n'est appliquée, et comptant 2 
positif dans le sens de b vers a, on a 


kS 
ár (d — x) 
Ca) _ 4т 
[C] kS 


C (x) = 


Les équations ci-dessus s'écrivent donc : 


dv On 
eee f en fiat —- 0: 

um pops tis! | 
di 

Lo E-Fe—Ri— 1 q(4— 2). 


Je considére un premier état du systéme dans 


lequel j'applique seulement la f.e.m. continue E; 


les armatures se sont rapprochées de la quan- 
tité x, et on a pour l'équilibre : 


O0 — 87 d | 
(6) 
0= B= Fe dl — Lo): 


Ces deux équations définissent x, et qo, et 
non linéairement; mais qo dépend d'une équa- 
tion du troisiéme degré qui n'a qu'une racine, 
ce qui détermine 2p. 

Cela étant, je rapporte le systéme en mouve- 
ment à ce premier état, ce qui revient à un dépla- 
cement d'origine pour chacune des variables; 
je pose 
Ат (d — £o) 


E 
kS : 


= To +6, 0 = Qo + 1, 
L'expression de l'énergie cinétique ne change 

p 8 8 
pas; T continuant à étre homogéne quadratique 
dans les vitesses, il n'y aura pas de termes gyros- 
copiques. F ne change pas non plus. L'énergie 
potentielle devient : 


1 9 : 
у = о EP + is (4 — n — E (pH nY 


-Q ud ad 
On 
+ а T = (4— Zo) goh — р Gok 
1 "i (d — 2) Án 
pz pie 
+ – 852 + ES f, LS Gob + 


en nous limitant aux termes du second degré. 
Formant les équations de Lagrange et tenant 
compte des équations (6) du premier état, il 
vient 


mo = [— то — sb 24е, 
di 2 
0-6-6 
7 Ties 
ou bien 
ZU LT = f | 
о) 
А 
de + Li = е, 
о) 
Argo 
en posant А == o == - ;— —,et Z, étant limpé- 


dance du circuit électri que dans le premier état 
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(capacité C,). Ici, les termes gyroscopiques étant 
absents, les coefficients de couplage sont égaux 
entre eux et à une réactance pure. On lira avec 
intérét une étude de M. de Goer (L 7) sur ces 
dernières équations. 
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SUR DES PROPRIETES COMMUNES A DIVERS PHENOMENES D'OSCILLATION 
ET SUR DES ANALOGIES GYROSCOPIQUES DES PHENOMENES ELECTROMAGNETIQUES 


par BERNARD SALOMON, 


Ingénieur des Télégraphes. 


Sommaire. — INTRODUCTION : Les analogies mathématiques. 
Analogies du champ magnétique et du vecteur-rotation, 
qui sont l'un et l'autre des vecteurs axiaux. — La loi fon- 
damentale de l'induction et le théorème des moments 
cinétiques. 


I. Machines synchrones : 


А) La notion générale d' « excitation » en énergétique et 
је gyroscope. 


B) Alternateur monophasé — couples et vitesses com- 
plexes —. impédance mécanique. 


C! Moteur synchrone monophasé. 


D) Point de vue géométrique. Approximation par le thé4o- 
reme des mo,nents cinétiques. 


E) a) Alternateur polyphasé. Généralisation au cas du 
diphasé des équations classiques donnant D, 4, T; b) moteur 
Synchrone; c) généralisation (cas du n-phasé); d) couplage 
des machines svnchrones; e) compoundage des alternateurs; 
f) tableau de corrélation. 


П. — Les analogies mécaniques de l'électricité et le probléme 
du changement de vitesse progressif : 
Fuvite corrélation entre certains problèmes de l'électro- 


technique et ce probléme : а) Description d'une transmission 
Byroscopique; b? Propriétés. 


I. — Machines asynchrones. — Généralisation de la notion 
de gyroscope. — Gyroscopes à Ф' alternatif : 


А) Machines électriques à champ tournant. 
gyroscopiques à vecteur-rotation tournant : 


а) Le primaire est le stator. — Fonctionnement en moteur 
asynchrone. — Fonctionnement en génératrice asynchrone; 


b) Le primaire est le rotor. 


Appareils 


B) Machines électriques à champ alternatif, Appareils 
gyroscopiques à vecteur-rotation alternatif. 


IV. — Induction mutuelle entre circuits fixes. 
Le transformateur. 


V — Machines à courant continu : 


a) Génératrice. — Analogie du collecteur (encliquetages 
commandés) et de la commutation; L) Moteur. 


VI. — Générateurs et transformateurs polymorphiques. 
Commutatrice. 

VII. — Незеаиг. 

VHI. — Limites des analogies gyroscopiques. 
IX. — Applications à la mécanique. 


X. — Applications à Vénergétique. 


‘Introduction. — Il y a longtemps que des ana- 
logies nombreuses et saisissantes ont été signa- 
lées entre la mécanique et l'électricité. 

On sait qu'il fut méme une époque où des 
savants espérérent faire entrer tous les phéno- 
ménes dans la mécanique classique, et qu'il 
s'agirait, au contraire, de nos jours, de rattacher 
la mécanique et l'électricité à une théorie plus 
générale. 

Nous nous ‘bornerons aujourd'hui à un rôle 
plus modeste : indiquer des séries d'analogies 
entre des phénoménes gyroscopiques de nature 
oscillatoire, et des phénoménes oscillatoires ren- 
contrés en électricité. 

Laissant de cóté ce probléme -— d'un haut 
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intérêt, d'ailleurs — la recherche des limites des 


analogies entre la mécanique classique et l'élec- 


‘tricité, nous bornant, en outre, au cas des ma- 


chines bipolaires, nous passerons en revue les 
principales classes de machines électriques et 
indiquerons leurs « analogies » dans la mécani- 
que gyroscopique des solides. 

Ce sont des analogies mathématiques et non 
pas seulement de simples ressemblances que nous 
considérons presque toujours. 

On sait le grand parti que Pierre Curie a tiré 
des considérations de symétrie et de nature des 
vecteurs. 

Le champ-magnétique et le vecteur-rotation 
sont des vecteurs de méme nature : des vecteurs- 
axiaux. C'est une des bases des analogies gyro- 
électriques. Nous ferons correspondre à un champ 
tournant un vecteur-rotation tournant, à un 
champ alternatif un vecteur-rotation alternatif. 
Nous combinerons, dans nos appareils gyrosco- 
piques, les vecteurs-rotations comme les électri- 
ciens combinent les champs, dans les machines 
électriques. | 

D'autre part, et cela aussi est essentiel, nous 
ferons correspondre le théoréme des moments 
cinétiques à la loi fondamentale de l'induction. 

Nous dirons, pour finir, un mot sur la place 
de ces analogies dans l'énergétique, science en- 
core toute jeune dont un chapitre devra englober, 
avec les machines électriques, diverses autres 
classes d'appareils et, notamment, les appareils 
gyroscopiques. 


I. — Machines électriques synchrones. 


1. La notion générale d'« excitation » 
en énergétique et le gyroscope. 


A) La notion d'« excitation » doit étre certai- 
nement rangée parmi les concepts les plus géné- 
raux de l'énergétique. 

Laissant, pour aujourd'hui, le cóté mathéma- 
tique de cette question — dont M. Le Corbeiller 


a mis en lumière certains aspects trés intéres- . 


sants — indiquons quelques réflexions de nature 
intuitive. 
La notion d'« excitation » implique celle d'un 


phénomène qui peut se poursuivre sans dépense 
d'énergie el intervenir dans un autre phénomène 
à peu prés à la facon d'un coefficient. 

La formule : C,, = КІФ qui donne le couple 
Са comme proportionnel au flux magnétique Ф 
montre bien que le flux d se trouve en facteur. 
Or on sait qu'il n'y a, en général, qu'une puis- 
sance trés faible à dépenser, relativement à la 
puissance de la machine électrique (dynamo ou 
alternateur) pour entretenir ce flux Ф. 

Considérons un gyroscope, en donnant à се 
mot son sens courant : corps de révolution ani- 
mé d'une vitesse angulaire élevée, soustrait à peu 
prés aux frottements, suspendu à la cardan, et 
mobile dans tous les sens autour de son centre 


de gravité. 


(Nous serons amenés à généraliser et méme à 
modifier cette définition; mais conservons-la, 
pour le moment) (*). 

Si nous tendons à modifier la direction de son 
axe, il réagira dans une direction perpendicu- 
laire. 

Si, à ce dernier mouvement, s'opposent cer- 
taines forces — par exemple, des forces de frot- 
tement — il y aura transformation d'énergie. 

Dans ce phénoméne de transformation, le mo- 
ment cinétique du gyroscope interviendra com- 
me coefficient, et, en particulier, la vitesse angu- 
laire du gyroscope — qui reste sensiblement 
inaltérée dans le phénoméne. 

Cette vitesse angulaire ne correspoudraiv ‘!2 
pas au courant inducteur d'une mar ine élec- 
trique? 

C'est ce que nous démontrons plus loin. 


2. L'analogie bien connue du compas magnétique 
el du compas gyroscopique. 


Maintes fois signalée, elle renforce tout à fait 
ces considérations intuitives. 


3. La règle de Flemeng ou des trois doigts (**). 


La régle des trois doigts s'applique à la fois au 
phénomène électrique et au phénomène gyros- 
copique. 


(*) On verra, à propos des appareils asynchrones, les га! 
sons de cette parenthèse. 

(**) Voir l'ouvrage de M. BOGAERT, L'effet gyrostatique et 
ses applications. 


Union Radio Scientifique Internationale | 119 


— — ——— — oo Se aR eS oo аа 


B) ALTERNATEUR MONOPHASÉ. — Nous avons 
indiqué, dans une note présentée à l'Académie 
des Sciences de Paris en 1928 (*) qu'un vieil 
appareil de laboratoire est l'analogue de l'alter- 
nateur électrique топорћазе. 

Un annee , В, suspendu à la cardan, porte un 
gyroscope entretenu dont l'axe И est perpendi- 
culaire à bb (fig. 1). 

Grâce à un flexible f, on communique au са- 
dre B un mouvement de rotation continue de 


FIG. 1. 


vitesse angulaire : 9— e = constante. (On a: 
) — ot.) 

Soient, en notations d'Euler, { la vitesse angu- 
laire de l'appareil (alternative, comme on le 
verra) autour de aa et Ф” la vitesse de rotation 
propre du gyroscope. 

Dans le cas particulièrement simple où l'ellip- 
soide d'inertie du gyroscope est une sphére, nous 
^ aurons les équations 


Cm = Ag! i sin 0 = Ад! sin wt, (1) 


qui donne le couple moteur C,, sur l'axe bb (A, 
moment d'inertie du gyroscope). 


К = (A + P) 9" + H (Ae! cos 0) (2) 


oü K est le couple extérieur exercé sur l'axe aa, 
et P le moment d'inertie des masses autres que 
le gyroscope par rapport à aa et 


Ф' = ro —:ф' сов 0, avec r, = constante, (8) 


(*? Sur les analogies gyroscopiques des machines syn- 
chrones et asynchrones, et sur la transposition en mécanique 
de certains diagrammes de l'électrotechnique. (Note ue 
M BERNARD SALOMON, présentée par M. RATEAU. Séance du 
26 février 1923. C. R. du 5 mars 1923.) 


le gyroscope étant abandonné à lui-même el 
mobile sans frottement dans ses paliers. 

Supposons maintenant que le couple exté- 
rieur K soit un couple de frottement proportion- 
nel à la vitesse: К=— Ry’, R étant une constante 
positive. 

Faisons, d'autre part, l'approximation : e —r,, 
légitime, si l'on admet que la vitesse de rotation 
du gyroscope soit suffisamment grande vis-à-vis 
de y’. 

L’équation (2) qui donne la vitesse 4’ autour 
de aa devient : 


(A + P) - + RY! = (Ar) v sin ot. (4) 


et transpose terme à terme l'équation classi- 


que (5): 


Ls + Ri = (Ф,) о sin wt. (8) 
La rotation du cadre B porteur du gyroscope, 
détermine, par suite de ses réactions, un mouve- 
ment d'oscillation sinusoidal du cadre A, que 
nous supposerons de faible amplitude. La valeur 
maxima de cette vitesse d'oscillation Ф“, qui cor- 
respond à l'intensité du courant alternatif débité 
est : 


Pmax TS 


Argo 
МА + Pto + RF 


1 
Umax = 5 amplitude angulaire. 


avec Umax = W Umax 


| 
> (6) 
| 


L'analogie électrique est évidente et le déno- 
minateur 


2 VAF руље 
est une « impédance mécanique ». 


Plus généralement, à l'impédance électrique, 
fonction d'une self, d'une pulsation, d'une capa- 
cité, d'une résistance ohmique, correspond l'im- 
pédance mécanique, fonction d'un moment 
d'inertie, d'une pulsation, d'une élasticité, d'un 
coefficient de dissipation. 

Le couple alternatif d'axe aa créant les oscilla- 
tions de vitesse { est un couple sinusoidal de 


(*) Quand nous parlons d'amplitude, c'est tonjours d'am- 
plitude angulaire qu'il s'agit. 
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maximum (Ar,jo correspondant à ®,,0, en 
avance d'un angle À sur la vitesse 4”, avec 


T) PERI. SPUR (1) 


МА + Pu? + Re 


et ce cos À correspond au cos е de l'électrotech- 
nique. | 

La valeur де la puissance de l’« alternateur 
gyroscopique » est : 


W = Kare Феу cos À (8) 
ауес : 
9 
Kerr xx E K max 
Y: (9) 
Vom M Your 


FONCTIONNEMENT A CIRCUIT OUVERT : 


La résistance ohmique R sera infinie. 

Faisons donc : &/^—0, en bloquant le cadre А. 

Le couple est nul sur l'axe bb : il n'y a pas à 
dépenser d'énergie pour déplacer le gyroscope. 

Autrement dit : pour une résistance infinie 
sur l'arbre récepteur aa, le moteur se trouve 
complètement déchargé. 

C'est là une propriété en opposition avec celle 
des machines courantes. 


FONCTIONNEMENT EN COURT-CIRCUIT : 
Soit, au contraire R —0. 

Le circuit électrique correspondant, doué de 
self-induction, et, si l'on veut, de capacité (si 
l'on ajoute un ressort à l'appareil mécanique), 
ne comprend pas de résistance ohmique : le 
régime est complètement déwatté. — L'appa- 
reil’ gvroscopique, comme la’ machine électri- 
que, ne fournit que de la puissance réactive. 

Le couple moyen est encore nul sur l'arbre 
moteur bb. | 


Couples el vitesses complexes. — Les couples 
sinusoidaux et vitesses sinusoidales peuvent se 
représenter par des vecteurs et l'on pourra parler 
de couples et de vitesses complexes — correspon- 


dant aux forces électromotrices et intensités 
complexes. 
C) MOTEUR SYNCHRONE MONOPHASÉ. — L'appa- 


rell est réversible. 


Si l'on communique au cadre А la vitesse oscil- 
latoire, de faible amplitude |= Фра sin et, le 
cadre B, préalablement lancé autour de l'axe bb, 
dans un sens ou dans l'autre, peut s'accrocher 
sur la vitesse angulaire 6 = о = constante. 

L'appareil fonctionne en : « Moteur gyrosco- 
pique synchrone monophasé ». 


D) Рохт DE VUE GÉOMÉTRIQUE. — Faisons 
l'approximation gyroscopique : 

Admettons que la vitesse de rotation propre Ф' 
du gyroscope soit assez grande devant les autres 
vitesses pour que l'on puisse considérer le mo- 
ment cinétique du gyroscope comme dirigé sui- 
vant son axe et lié à cet axe, condition réalisée, 
si 4’ est faible et si les oscillations y’ sont de 
faible amplitude. 

Alors, l'axe du gyroscope balaye sensiblement 
le plan perpendiculaire en O, centre de figure, à 
la position moyenne de l'axe bb, laquelle est per- 
pendiculaire au plan de la figure 2. 

Le point M, extrémité du vecteur moment 
cinétique, décrit un cercle. D'après le théorème 


FIG. 2. 


des moments cinétiques, la vitesse de ce point M 
est, à chaque instant, équipollente au rioment 
résultant des forces extérieures exercées sur le 
système. Cela revient à dire que cette vitesse. 
changée de sens, est, à tout instant, équipollente 
au couple exercé par le gyroscope. 

En projetant la vitesse mV (fig. 2) sur l'axe 0Z 
axe des |”, et appliquant ce théorème, on re- 
trouve aisément l'équation (2). 

L'alternateur monophasé, décrit précédem- 
ment, ne « capte » qu'une des composantes du 
couple gyroscopique, l'autre déterminant seule- 
ment des réactions des appuis. 
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Il est naturel de capter aussi la composante 
suivant OY (fig. 2), c'est-à-dire de « diphaser » 
et, plus généralement, de « polyphaser ». 


E) ALTERNATEUR POLYPHASÉ (et moteur syn- 
chrone. — а) Pour diphaser, enrichissons d'une 
unité le degré de liberté du systéme. 

L'axe aa de la figure 1, au lieu d'étre fixe, 
s'appelle ici bb et est porté par un nouveau 


F16. 3. 


cadre d'axe perpendiculaire au plan де Ia figure 
et susceptible d’osciller autour de cet axe, qui 
correspond à l'axe Oy de la figure 2. _ 

Soit « l'angle déterminant, par rapport à la 
verticale, la position du nouveau cadre, «’ la 
vilesse d'oscillation de ce cadre. 

Cette nouvelle vitesse а? jouera un rôle symé- 
trique de celui de 4” dans les appareils diphasés, 
synchrones et asynchrones que nous allons voir. 

Dien qu'un gyroscope soit déterminé en orien- 
tation par trois paramétres seulement, il sera 
commode de le déterminer en « diphasé » à 
l'aide de quatre paramétres: les trois angles 0, с, 
d'Euler et ce quatrième angle а. 

Autrement dit, comme l'indique la figure 4, 
on détermine d'abord un triédre mobile autour 
de OY ou Oy' par l'angle а, puis le gyroscope, 


par rapport à Oz,, Yı, z,, à l'aide des angles 
d'Euler — (О X Y Z sont des axes rigoureusement 
fixes). 


GÉNÉRALISATION DES EQUATIONS CLASSIQUES 
DONNANT p, q, r. — La forme généralisée des 
équations classique : 


p = ' віп 0 sin ф + 0 cos ọ 


q = ÿ'sin § cos o — 0' sing (10) 
r= ф' cos 0 + Ф' | 
est ainsi, en diphasé : 
p = ф' sin 0 sin ф + #' cos ọ 
+ «' [sin } cos e + sin ọ cos ф cos 0] 
q = ф' віп 0 cos o — 0' sin Ф (11) 


+ a' [— sin ф sin e + cos ф cosh cos 6] 
r = ọ' + 1 cos 0 — а' зіп cos ф 


où figurent : 
ф' 
a’ ф 0' au lieu de ¢' Ф''' 
Bornons-nous, pour simplifier, au cas де: 
À — C (gyroscope à ellipsoide d'inertie sphé- 
rique). 
Les couples engendrés suivant les axes des UL 


2 


Е16. 4. 


et des а par le gyroscope, quand on entraîne le 
cadre CD (fig. 3), porteur du сугозсоре, dans 
une vitesse angulaire 0' =w = constante, sont 


T , , ОЈ , s M 
alors décalés de = l'un par rapport à l'autre, et, 
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“si Гоп suppose que tout est symétrique, les 
amplitudes d'oscillation pour’ et x’ et les déca- 
lages 2. sont les mêmes. | 

Cela correspond à des charges égales sur les 
deux phases de l'alternateur électrique. 

Le régime permanent est déterminé par les 
équations : 

ф! = umax 510 (wt — À) 


а' = Umax COS (wt — À) (12) 
ou nous supposons Шах faible 
(faible amplitude) 
avec : 
U mnax == ____Сро ___ 
=== 2142 2 
V(S S,)?w? + R (13) 
(5 — 5, о 
ig À = ———— 
P R 
et l’on a : 
Ф' = 7 + Umax Sin À = р. (14) 


Les quantités S et S, représentent certains mo- 
ments d'inertie fonctions des cadres et du gyros- 
cope. 

Le couple moteur vaut algébriquement : 


C, = S, РА (^) + Co’ (ф' sin 0 + а! сов 9). (15) 


Dans sa valeur moyenne, seul intervient le 
second terme et l'on a : couple moteur moyen 


= Сри max cos À. (16) 


b) Moteur synchrone. — L'appareil est réver- 
sible et peut fonctionner en moteur svnchrone. 


c) Généralisation. — (Cas du n-phasé.) 


Plus généralement, on peut concevoir un sys- 
téme à n cadres oscillants. 


REMARQUE : Dans le cas général, nous dirons 
que les n cadres forment une suspension à la 
Сагдап généralisée (Suspension ordinaire à la 
Cardan dans le cas du diphasé). 


d) Couplage des machines synchrones : 

1. Couplage alternateur-moteur. — Un appa- 
reil gyroscopique marchant en alternateur est 
conjugué par des bielles, avec un second appareil 
marchant en moteur synchrone, de façon à réa- 
liser, — en diphasé, par exemple : 


v' (alternateur) = L' (moteur) 
a’ (alternateur) = а’ (moteur). 


'électrotechnique suggère alors, entre autres 
problémes, les suivants : | 

Mise en marche, accrochage. Fonctionnement 
en marche normale. Marche d'un moteur syn- 
chrone à puissance et excitation données. Maxi- 
mum de stabilité. Détermination des amplitudes 
maxima d'oscillation. Marche du moteur à puis- 
sance constante et excitation variable, etc., etc. 

Les solutions sont à peu prés évidentes, et l'on 
peut, en particulier, transposer les théories de 
M. Blondel. 

2. Couplage en paralléle des alternateurs. — 
Voici la transposition gyroscopique pour le cas 
du « monophasé ». 

Les alternateurs gyroscopiques А, et А, font 
osciller les planétaires B, et B, en prise avec les 


S, B, 7" 
А, TT CIA, 
à NI 
B, 
2 7 ome 
—~E 
F1G. 5. 


satellites S, et S, portés par la coquille d'un diffé- 
rentiel, coquille qui entraîne un pignon D, en 
prise avec un pignon E de diamétre moitié. 

Si dj et ф, sont les vitesses d'oscillation 
instantanées des pignons B, B, correspondant 
aux ~ des deux alternateurs, la vitesse d'oscilla- 
tion de D est, pour des sens bien choisis : 


PEP ot celle de Ebi + i. 


Le pignon E, doué d'inertie (self-induction) est 
soumis à l'action d'un couple de frottement pro- 
portionnel à sa vitesse angulaire, ce qui trans- 
pose les pertes joule. 

En outre, il est soumis à l'action d'un ressort, 
се qui correspond aux phénomènes de capacité, 

Les problémes de mécanique corrélatifs à ceux 
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de l'électrotechnique et qui se posent alors tout 
naturellement sont trés nombreux. 

Indiquons (*): — Mise en parallèle. — Stabi- 
lité de la marche en paralléle. — Oscillations de 
deux alternateurs couplés. — Influence des oscil- 
lations sur les couples alternatifs exercés sur les 


cadres, etc., etc. 


e) Compoundage des alternateurs. — Si l'on 


Vitesse de rotation 9' de l'arbre du flexible. 


Cadres extérieurs oscillants formant suspen- 
sion à la cardan simple ou généralisée. 


Gyroscope et son cadre support. 

Nombre de cadres extérieurs oscillants. 
Vecteurs-rotations. 

Moments cinétiques. 

Vitesse de rotation propre du gyroscope. 
Vitesses d'oscillation des cadres extérieurs. 
Couples créant ces oscillations. 


Décalages entre les couples et les vitesses. 


Impédances mécaniques. 
Fonctionnement à oscillations bloquées. 


Fonctionnement sans équipage extérieur et 
sans fonction de dissipation. 


IIl. — Les analogies mécaniques de l'électricité 
et le probléme du changement 
de vitesse progressif. 


Les analogies signalées entre la mécanique et 
l'électricité, et, plus particulièrement, entre les 
phénomènes gyroscopiques et les machines élec- 
triques, suggèrent l'existence d'une corrélation 
entre certains problémes posés par l'électrotech- 
nique et le probléme du changement de vitesse 
progressif. 

Nous n'entrerons pas, pour aujourd'hui, dans 
le détail de cette question, qui nous entrainerait 
trés loin. 

Nous nous bornerons à indiquer que cette 
corrélation existe et qu'elle est méme trés étroite. 

Nous décrirons aussi, comme application de 
l'alternateur gyroscopique polyphasé, un appa- 
reil de transmission gvroscopique que nous 


(*) D'après M, JANET (t. III). 
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envisage les couples alternatifs engendrant les 
oscillations &” et a’, on peut chercher à les main- 
tenir constants, quelles que soient ces vitesses ф' 


et a^ et les circonstances extérieures : c'est le 
probléme du compoundage. 
f) Tableau de corrélation. — Nous résumerous 


les analogies rencontrées, dans le tableau sui- 
vant : 


Vitesse de l'arbre de la machine électrique. 
Stator. 


Rotor. 

Nombre de phases du stator. 
Champs. 

Flux. 

Courant inducteur. 

Intensités statoriques. 


Forces électromotrices 
stator. 


Décalages entre les forces électromotrices 
induites et les intensités débitées. 


Impédances électriques. 
Fonctionnement à circuit ouvert. 
Fonctionnement en court-circuit. 


induites dans 16 


avons étudié et dont une maquette se trouve à - 
Paris, dans le Laboratoire de Mécanique de 
l'École Polytechnique (*). 


a) Description d'un appareil de transmission 
gyroscopique. — Les figures 7 et 8 donnent sa 
vue en élévation et en plan. La figure 6 montre 
la suspension à la Cardan des cadres et reproduit 
la figure 2. 

L'appareil comprend : 


1. Un générateur d'oscillations transformant 
le mouvement circulaire de l'arbre moteur (qui 
entraine le flexible) en mouvements d'oscillation 
diphasés autour de deux axes rectangulaires. 


2. Un récepteur constitué par un arbre per- 


(*) L'Administration francaise des Postes et Télégraphrs 
a expose cet appareil dans son stand, à la Foire de Paris, 
en 1928. П portait l'inscription suivante : « Transmission 
evroscopique; systeme Bernard Salomon. Coustruit еп 1924 
par la Société La Précision Moderne. Prété par l'École Poly- 
technique. » 
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pendiculaire à l'axe de l'arbre moteur et sur 
lequel sont disposées quatre roues libres. 

Des bielles relient le générateur au récepteur 
et communiquent les mouvements d'oscillation 
aux roues libres qui les redressent. L'arbre récep- 
teur qui recoit, par tour de l'arbre moteur, qua- 
tre impulsions sélectionnées et également répar- 
ties dans le temps, prend un mouvement circu- 
laire continu. Il porte un volant. 

L'amplitude 2u,,,, des oscillations est cinéma- 
tiquement libre. Elle dépend d'éléments dyna- 
miques, comme l'excitation du gyroscope, les 
moments d'inertie des piéces en mouvement, le 
couple résistant sur l'arbre récepteur, pour une 
vitesse angulaire donnée o de l'arbre moteur. 

La formule déjà donnée : 


j Cow 
U max = ooo 
V(S — S,)?w? + А 


Umax étant la demi-amplitude angulaire, s'ap- 
plique sensiblement, moyennant certaines hypo- 
théses. 

Les roues libres communiquent sensiblement 
à l'arbre récepteur une vitesse angulaire égale à 
leur vitesse maxima positive, elle-méme propor- 
tionnelle à la vitesse maxima #' ах des oscilla- 
tions ф' et о (qui est la méme pour ф' et pour a«a’) 
et qui est proportionnelle à l'amplitude 2u,,,. 

On voit donc que l'appareil est une transmis- 
sion progressive, puisque u’',,,, est susceptible 
de variation progressive, notamment, si l'on fait 
varier la vitesse de rotation propre du gyroscope, 
c'est-à-dire, si l'on fait varier l'excitation de l'al- 
ternateur gyroscopique. 


avec Umax = WUmax (1 3) 


b) Propriétés essentielles : 


1. Embrayage. — ll y а désembrayage, si 
l'excitation est nulle. 

Si elle augmente, l'embrayage a lieu progres- 
sivement, pourvu toutefois que la vitesse de 
l'arbre moteur soit suffisante. 

L'appareil ne joue donc pas seulement le rôle 
d'embrayage, mais celui d'embrayage automo- 
lique. 


2. Changement de vilesse progressif. — C'est 
aussi un changement de vitesse progressif. Cela 
résulte de се qui a été dit et de la formule (13). 


— sr com + 


3. Changement de vitesse automatique. — 
L'excitation du gyroscope (sa vitesse de rotation 
propre), peut être commandée soit volontaire- 
ment, soit automatiquement, de facon à réaliser 
telle condition déterminée, et, notamment, la 
constance de la vitesse о de l'arbre moteur quand 
le couple résistant varie; le rapport de transmis- 
sion est alors réglé automatiquement de facon à 
établir l'équilibre des puissances motrice et 
réceptrice, pour un régime constant du moteur. 

Pour ce résultat, la vitesse de rotation propre 
du gyroscope doit, sous certaines conditions 
simples, avoir la valeur : 


1 С 


dans laquelle С est, comme précédemment, le 
moment d'inertie du gyroscope par rapport à 
son axe, C,, le couple moteur maintenu constant, 
w, la vitesse angulaire variable de'l'arbre récep- 
teur, L un certain moment d'inertie, p une cer- 
taine constante de l'appareil. 


4. Cas du blocage de l'arbre récepteur. — 
D'aprés ce qui a été dit, pour l'alternateur gyros- 
copique, si l'on bloque l'arbre récepteur, on 
décharge complètement le moteur. 

En effet, les oscillations des cadres du stator 
deviennent nulles et le couple moteur C,, ne 
trouve plus aucun couple antagoniste pour 
l'équilibrer, car on a: 


(167) 


(Cela correspond, on Га vu, au cas électrique du 


circuit ouvert.) 
Cette propriété qui pourrait étre précieuse, 


C, = (Ср) us; COS). (el timax = 0). 


notamment pour la protection d'un moteur élec- 


trique, différencie absolument cette transmis- 
sion des transmissions à liaisons complètes, dans 
lesquelles l'arbre moteur est évidemment bloqué, 
si l'arbre récepteur est bloqué. 

5. Rendement de la transmission. — L'exci- 
tation du gyroscope ne demande qu'une puis- 
sance minime (1 % à peine de la puissance trans- 
mise). 

Cette excitation se fait, d’ailleurs, sans aucune 
espèce de difficulté par l'air comprimé, ou élec- 
triquement, ou par friction. (1 n'est pas du tout 
nécessaire que le gyroscope tourne trés vile.) 
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Le rendement пе dépend pratiquement que де 
celui des roues libres. 

Il est inutile d'ajouter que les formes repré- 
sentées, notamment à cause du flexible et des 
effets d'inertie sur les cadres, ne concernent pas 
un type industriel. 


6. Dynamométre de transmission. — La for- 
mule (16) montre que tout est connu — et, no- 
tamment, le couple moteur — si les vitesses mi- 
ses en jeu sont connues. 
` C'est encore un résultat essentiellement dis- 
tinct de ceux que donnent les transmissions ordi- 
naires. 


L'appareil peut donc jouer le róle de dynamo- 
mètre de transmission. 


== 


Р, 
/ 


AZ 


RQ. © NN 
o ER: 


7. Analogies électriques. — L'ensemble cor- 
respond au groupement électrique : alternateur 
diphasé — redresseur (*). Le redresseur débite 
quatre fois pendant un tour de l'arbre moteur, 
c'est-à-dire pendant une période. 

En électricité, on obtient par un montage ap- 
proprié ce méme résultat, ici obtenu gráce à la 
disposition des bielles. 

Le volant monté sur l'arbre récepteur corres- 
pond à une self en série sur le circuit du courant 
redressé. 


(*) Les roues libres correspondent en gros à un redresseur, 
Ii semble qu'il y ait là plus une ressemblance qu'une véri- 
table analogie, au sens bien déterminé où nous employoas 
ce mot. 


s 
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oat oe eee = чь «пшана ee 


_A noter qu’a la nécessité électrique du redres- 
seur pour avoir du courant continu correspond, 
dans cette transmission, la nécessité des roues 
libres (ou encliquetages). 


ПІ. — Machines asynchrones. 
Généralisation de la notion de gyroscope. 
Gyroscopes à с alternatif. 


А) Machines éleciriques à champ tournant. 


Il leur correspond les appareils gyroscopiques 
à vecteur-rotation lournant. 


a) Le primaire est le stator. 


1. Fonctionnement en moteur. — Кергепопз 
l'appareil diphasé des figures 6, 7 et 8, mais 
modifié de la maniére suivante : le rotor, au lieu 
de porter un seul gyroscope, en porte deux, 
identiques, d'axes perpendiculaires. Dans la 
position moyenne, ces deux axes se trouvent dans 


le plan formé par l'axe des (' et par celui des a’. 

Comme précédemment, les quantités du second 
ordre par rapport aux amplitudes d'oscillation 
des cadres du stator seront négligées. 


Jusqu'ici, sauf deux gyroscopes au lieu d'un, 
. l'appareil ne diffère pas de l'alternateur diphasé. 


. Voici maintenant une différence essentielle : 
les gyroscopes ne sont pas entretenus, mais, au 
contraire, mobiles avec frottement dans leurs 
paliers. 


Nous généralisons donc la notion du gyros- 
cope, puisque nous conservons le mot, mais 
admettons qu'il n'est plus question de vitesse de 
rotation propre élevée. Il n'y a méme plus du 
trout d'entrelien. 


Les couples de frottement dans les paliers ten- 
dent à s'opposer aux rotations propres de vitesses 
Ф. €t e; Nous les supposerons de valeurs — Re: 
et — Rọ, R étant une constante positive, qui 
transpose la résistance ohmique. 

On peut dire que les gyroscopes sont à rotation 
propre freinée et lon voit qu'ils peuvent étre 
entraînés par adhérence dans les mouvements 
de rotation ou d'oscillation par rapport aux axes 
fixes, si leurs paliers reçoivent de tels mouve- 
ments. Nous pourrons donc avoir des gyroscopes 


à mouvements alternatifs. Les mouvements al- 
ternatifs des gyroscopes peuvent s'obtenir autre- 
ment que par adhérence dans leurs paliers. 

Alimentons le stator — autrement dit, com- 
muniquons aux cadres extérieurs des mouve- 
ments d'oscillation de faible amplitude, de vites- 
ses : 


p = идах sinwl a = una COS wl (17) 


L'appareil peut démarrer de lui-méme : le sys- 


téme porteur des gyroscopes (rotor) prend, une 
fois le régime permanent établi, une vitesse de 


rotation : 


0! = о, = constante avec о, < w. 


Les équations de Lagrange appliquées aux 
gyroscopes donnent : 


d 
| — Ку = Сф. + 4, C (V cos 0 — a' sin 9) 


и (48) 
— Во; = Co,’ — 3i C (V/ sin 8 + о cos 0) 
et l'on a : 
ф = — Pmax cos (о — 04)! — p — X] (49) 
Pe = — Pmax Sin [(o — w) t — p — 2] 
p étant une constante, 
а See SO. qan dew qu 
VC (o — о): + Re R 
La valeur du couple moteur est : 
C, = (Cue)! (о — 9) ==. (24) 


Cette valeur, dans le cas d’un rotor compor- 
tant, plus généralement, m gyroscopes au lieu 
de deux serait : 


cos? À 


M 7 (C Umax)? (w — ел) (22) 


Le couple est nul au synchronisme (w = ,) 
La dissipation d'énergie düe au glissement se 
fait dans le rotor sous la pulsation w — о, l'ap- 
pareil fonctionne donc comme un embrayage 
qut patine. 
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Les analogies électriques se résument dans le tableau suivant : 


Suspension (*) formée par les cadres 
Comme extérieurs. 
dans Nombre d'axes d’oscillation de ces 
le moteur | 
synchrone. | Cadres. 


Vitesses d'oscillation de ces cadres. 


~ 


Système porteur des gyroscopes (**). 


Vitesses de rotation propre des gyros- 
copes. 


Nombre de gyroscopes. 
Vecteur-rotation tournant 2’ max. 
Moment cinétique Cz! max. 
Coefficient R. 

Décalage À. 


Au point de vue mécanique, l'appareil est un 
moteur gyroscopique asynchrone polyphasé 
transformant en mouvement circulaire continu 
de vitesse variable o, des mouvements d'oscilla- 
tion polyphasés de pulsation о et d'amplitude 
variable. 

2. Fonctionnement en génératrice asynchrone. 
— Le système précédent est réversible et peut 
fonctionner en « générateur asynchrone d'oscil- 
lations ». 

Cela signifie que, le rotor étant entrainé par 
un moteur, on peut recueillir, sur les cadres du 
stator, des mouvements d'oscillation dont la 


pulsation sera différente de celle qui correspond 


à la vitesse angulaire du moteur et dans un rap- 
port ;raduellement variable avec elle — avec 
transfert d'énergie. 

C'est la transposition mécanique du système 
de génératrice asynchrone indiqué par Maurice 
Leblanc. 

Eletviquement, la pulsation doit être donnée 
par un « chef d'orchestre » qui fournit de ‘la 
puissance réactive, et mécaniquement, il en est 
de méme. | 

Pour le fonctionnement au-dessus du synchro- 
nisme, qui n'est d'ailleurs pas le scul cas possi- 
ble, on aura e,» v (***). Le glissement — ici 


(*) Suspension à la cardan simple ou généralisée. 

(**) Au sens généralisé de ce mot « gyroscope ». 

(***) Académie des Sciences. Sur les analogies gyroscopi- 
ques de l'électricité, appareils gyroscopiques asvnchrones et 
application à la théorie du gyroscope à mouvement continu 
ou à mouvement alternatif. (Note de M. BEENARD SALOMOS., 
présentée par M. Mrsvacen. Seance du 30 janvier 1928, C. R. 
du 6 février 1928, 


Ell d 


Stator. 

Nombre de;phases du stator. 

Intensités statoriques. 

Rotor. 

Intensités rotoriques. 

Nombre de bobines du rotor. 

Champ tournant. 

Flux inducteur. 

Résistance ohmique d'une bobine: du rotor. 

Décalage rotorique de self-induction. 
négatif — s'accompagne, bien entendu, d’une 


dissipation d'énergie dans le rotor. 


b) Le primaire est le rotor. 


On peut se donner, gráce à des liaisons appro- 
priées : 


Ds == Umax COS wl (23) 


4 


Фі = Umax SIN wt 


c'est-à-dire alimenter le rotor. Les propriétés sont 
analogues. 


B) Machines à 


ll leur correspond des appareils EyFOScapiques 
à « vecteur-rotation » alternatif. 

L'appareil de la figure 10 ne diffère de l'appa- 
reil asynchrone diphasé que par un degré de 
liberté de moins. 


à champ alternatif. 


. Le cadre des а“ est fixe et le stator est mono- 
phasé. | 

Le rotor, diphasé, est identique au précédent. 

Le rotor ne démarre plus seul : lancé préala- 
blement dans un sens ou dans l'autre, son moni- 
vement peut continuer avec une vitesse angu- 
laire uniforme w, inférieure à w. 

Le régime permanent établi, le couple moteur 
vaut (pour m gyroscopes au rotor) 


m (Силах) R (о - w) _ 
8H +,C? (to — о)? 


m (Сирах) R (o + w,) 
8 R°+ Ct (о + oy | 


Y 
т 


(24) 
Il est la différence de deux couples égaux lors 
du repos. 
En méme temps, les vitesses de rotation pro- 
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pre des gyroscopes sont la superposition de vi- 
tesses des deux pulsations о + w, et о — w, 

La théorie est paralléle à la théorie électrique 
cl les corrélations sont les mémes que précédem- 
ment. | | 


L'appareil est un moteur gyroscopique азуп- 
chrone monophasé transformant en mouvement 


de rotation continu de vitesse angulaire о, infé- 


. FIG. 10. 


геше à o un mouvement d'oscillation de pulsa- 
tion о, et transpose le moteur monophasé d'in- 
duction. | i 


IV. — Induction mutuelle entre circuits fixes. 
Le transformateur. 
a) Description et propriétés. — Si l'on bloque 


le rotor dans un appareil asynchrone, on doit 
trouver l'analogie de l'induction mutuelle entre 
circuits fixes et transposer une forme de trans- 
formateur. 

C'est ce qu'un calcul simple vérifie. 

Prenons le cas d'un seul gyroscope au rotor, et 
soit 9 = 4 l'angle fixe que fait son axe avec l'axe 
des 4’. 

Sur l'équipage 4’ un couple alternatif K est 
appliqué, en méme temps qu'un couple de frei- 
nage proportionnel à la vitesse, c'est-à-dire de 
la forme —R,' (R, > О). Comme précédemment, 
un couple de la forme —R«&'(R > О) est appliqué 
aux oscillations du gyroscope dans ses paliers. 


Les équations de Lagrange s'écrivent : 

К = R,U' + (A sin? 8; + C cos? 4) : (q^) | 
d 

+ C cos b 7 (^) | (95) 

О = Rọ’ (us | Cost Š (фу 

= puro Сара C oq ) 


1 


et correspondent terme à terme aux équations 
bien connues 


di di, ^ 
u = Rá Luz +М 
i 2 26) 
| i i 


Le couple K correspond à la force électromotrice 
alternative u,, les vitesses ф' et +” aux courants 
i, et iz, les moments d'inertie (Asin?4,+ Ccos*0,) 
et C à L, et L,. Enfin, la quantité C cos % au 
coefficient d'induction mutuelle M. 


V. — Machines à courant continu. 


Comme pour les autres machines, nous ne 
considérons que le cas du bipolaire. 

Nous transposerons les machines à collecteur 
fixe et inducteurs (et balais) mobiles. 


a) Génératrice. — Modifions l'alternateur des 
figures 2, 7, 8. 

Nous allons lui adjoindre des encliquetages, 
mais nous leur ferons jouer un róle différent de 
celui que jouent les encliquetages de la « 'r^ns- 
mission gyroscopique ». (Fig. 7, 8.) 

Ces derniers encliquetages ne sont pas « com- 
mandés »; ils agissent à l'instant où la vitesse 
angulaire à capter passe par un maximum, et 
nous avons indiqué qu'on peut — en gros — 
faire correspondre ces encliquetages aux redres- 
seurs de courant. 

Au contraire, les encliquetages à considérer 
dans la transposition du collecteur sont des encli- 
quelages commandés. 

Chaque cadre extérieur (celui des 4”, celui 
des x etc.) est conjugué avec une roue à rochet 
qui a la méme vitesse angulaire que lui, 


A 


Des roues à cliquets sont montées concentri- 
quement aux roues à rochet. 
Il y a 2n cadres extérieurs régulièrement dis- 


posés (stator 2n-phasc). 
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A un instant initial, les roues à rochet 1, 9, 
3, ... n correspondant aux cadres de méme nom 
sont solidarisés par des cliquets avec un arbre A, 
ce qui oblige tous ces cadres à tourner à la 
vitesse angulaire + о. 

Les cadres n 1, п+8 ... 2n’, sont alors, de 
méme par rochets et cliquets, solidarisés avec un 
arbre qui tourne à la vitesse angulaire — w. 

A mesure que tourne l'arbre des 6’ (porteur du 
gyroscope excité) les divers cliquets sont succes- 
sivement commandés par des cames, au moment 
précis où l'axe du gyroscope fait un angle x avec 
l'axe du cadre correspondant. 

C'est ainsi que, à un second instant, on a : 


VITESSE ANGULAIRE w. VITESSE ANGULAIRE — Ww. 


Cadres 2 


Cadres »--9 
3 n + З 
п 97 
п + 4 1 


et les permutations circulaires continuent indé- 


finiment. 

La vitesse angulaire W de l'arbre A, qui reçoit 
la somme des impulsions communiquées par le 
gyroscope aux n-cadres qui lui sont conjugués à 
un instant, correspond à l'intensité du cou- 
rant + I débité. 

La vitesse angulaire — W correspond au cou- 
rant — I qui rentre dans le dynamo. 

La vitesse angulaire de chaque cadre passe 
brusquemert де + W à — У, quand sa roue à 
rochet est lichée par les cliquets de l'arbre A 
p.ur étre saisie par les cliquets de l'arbre B. 
Cette variation brusque correspond à la commu- 
lation. 


A la formule : 
E = Kw ( n) Ф (7) (2 7 
) 


de l'électrotechnique, correspond pour le cou- 
ple S, à la sortie de l'appareil gyroscopique, la 
formule : 

S = K'o (2i) Ni (28) 


K et K’ étant des constantes, 6' — о la vitesse 
angulaire du cadre portant le gyroscope (vitesse 
du rotor). 

ЛС est le moment cinétique utile. 


(*) 2n est, si l'on veut, le nombre de spires d'un anneau 
gramme. 


A go + ЕР ЬЕ 


b) Moteur. — L'appareil décrit est évidem- 
ment réversible. Si les arbres А et B reçoivent 
des vitesses angulaires +W et — W, le rotor 
prend une certaine vitesse angulaire 6”, dans un 
rapport graduellement variable avec W,. 

Ce rapport dépend, d'ailleurs, des diverses 
forces en jeu, de l'excitation du gyroscope, etc. 


REMARQUES. — L'appareil, dans le fonctionne- 
ment en génératrice comme dans le fonctionne- 
ment en moteur, constitue une íransmission 
gyroscopique à vitesse graduellement variable. 

Ainsi, des encliquetages commandés corres- 
pondent au collecteur. 


VI. — Générateurs et transformateurs 
polymorphiques. __ 


Les indications succinctes données précédem- 
ment font entrevoir que les généralisations pos- 
sibles sont extrémement larges et qu'on peut 
espérer retrouver, dans le domaine gyroscopi- 
que, des corrélations extrêmement variées du 
domaine électrique. 

Bornons-nous à un exemple : 

Commutatrice. — Elle participe de la dyna- 
mo à courant continu et de l'alternateur. 

Gyroscopiquement, on combinera les deux 
types que nous avons indiqués. 


VII. — Réseaux. 


Nous dirons deux mots seulement. 

On a transposé — à propos du couplage des 
alternateurs — la dérivation. L'analogie du mon- 
tage en série étant, d'autre part, évidente (nous 
avons, d'ailleurs, eu l'occasion de la voir, en 
transposant la dynamo), on voit qu'il est aisé de 
transposer tout réseau éectrique. 

On retrouve aisément — ce qui est bien connu 
— que les équations de Kirchoff correspondent 
aux équations de Lagrange. 

Ces remarques conduisent à des développe- 
ments très larges. 


VIII. — Limites des analogies gyroscopiques. 


Nous avons dit, dés le début, que nous n'abor- 
derions pas ce sujet, pour aujourd'hui. Il nous 
semble d'ailleurs que son intérét scientifique et 
philosophique soit considérable. 
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IX. — Applications à la mécanique. 


Nous espérons avoir montré que les analogies 
électriques projettent sur la théorie du gyros- 
cope une lumière éclatante, qu'il s'agisse du 
gyroscope, selon. la définition classique, c'est-à- 
dire, si l'on veut, du gyroscope à &” continu, 
ou qu'il s'agisse de problèmes, jusqu'ici laissés 
dans l'ombre, crovons-nous, et concernant le 
gyroscope à 9’ alternatif. 

Les illustrations que nous avons données, no- 
tamment dans le domaine synchrone et dans le 
domaine asvnchrone, seront peut-être jugées 
convaincantes. | 

Nous avons d'ailleurs fait entrevoir la multi- 
tude des problèmes tout posés et tout enchaînés 
et, souvent, tout résolus que suggère l'électro- 
technique. 


X. — Applieations à l'énergétique. 


Dans cette science si jeune qu'est l'Energéti- 
que, le livre des machines doit comprendre un 
chapitre englobant, dans une théorie générale, 
avec les machines électriques, divers appareils 
mécaniques et, notamment, les appareils gyros- 
copiques que nous avons décrits. 

Parmi les notions fondamentales, figurera 
celle d'énergie réactive, particuliérement mise 
en lumiére, dans le domaine électrique par 
M. Boucherot, et dont l'importance doit être 


étendue, semble-t-il, à tout le domaine énergé- 
lique. | 4 


Aprés l'exposé des communications scientifi- 
ques, M. le Prof" Vanni ajoute qu'il lui reste à 
remplir une tàche trés flatteuse qui lui a été 
confiée par l'Association Electrotechnique Ita- 
lienne: c'est la présentation au Président de cette 
Union du volume contenant les travaux présentés 
à Côme en octobre 1927, à l'occasion des céré- 
monies en l'honneur de Volta. Dans une circon- 
stance analogue, lors du cinquantenaire de pro- 
fessorat de Lord Kelvin, la méme Association 
voulut rendre hommage à l'illustre savant an- 
glais, en lui présentant un exemplaire du « Code 
Atlantique », de Léonard de Vinci; l'ensemble 
des travaux mathématiques, d'hydraulique et 
d'aérodynamique du grand artiste et savant de 
la Renaissance italienne fut considéré comme le 
moyen le plus convenable pour honorer la scien- 
ce anglaise. Maintenant, la patrie de Volta, de 
Galvani, de Galileo Ferraris, de Marconi saisit 
l'occasion pour rendre hommage à l'Union Ra- 
dio Scientifique Internationale qui comprend les 
savants et les techniciens du monde entier. 

Le Président de l'Union, M. le Général Ferrié, 
remercie vivement le Prof” Vanni, en le priant 
de vouloir bien se rendre interpréte des senti- 
menis de l'Assemblée auprés de l'Association 
Electrotechnique Italienne. 


Bruxelles. — Imp. Hayes, rue de Louvain, 112. 
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L'Assemblée Générale de l'U. R. S. I., tenue à 
Bruxelles en septembre 1928, comportait, outre 
l'Assemblée Générale proprement dite, des 
séances des cinq Commissions de lU. R. S. I. et 
une séance publique. 


Le programme des séances fut établi comme 
suit : 

Lundi 10 septembre: Séance inaugurale. 

Mercredi 12 septembre : Séances des Com- 
missions. 

Jeudi 18 septembre : Séance publique. 

Vendredi 14 septembre : 
missions. 

Samedi 15 septembre: Séance générale. 


Séances des Com- 


Les séances générales ainsi que la séance pu- 
blique furent présidées par M. le Général Ferrié, 
Président де lU. R. S. I. 

Les délégués officiels des pays adhérents à 
PU. R.S. I. étaient les suivants : 


Beigique : MM. l'Ingénieur R. CORTEIL, le Profr TH. DE 
DONDER, le Profr R. B. GOLDSCHMIDT, l'Ingénieur 
P. GOLDSCHMIDT, le Profr CH. МАХХЕВАСК, le Profr 
PHILIPPSON et le Colonel WIBIER. 


États-Unis d'Amérique : MM. le Dr L. W. AUSTIN, le 
Dr L. M. HULL, l'Ingénieur JENSEN, le Profr A. E. KEN- 
NELLY, le Dr T. PARKINSON et l'Ingénieur N. SNYDER. 


France: MM. le Général FERRIF, l'Ingénieur P. BRENOT, 
le Capitaine BUREAU, l'Ingénieur LE CORBEILLIER, le 
Profr MESNY et l'Ingénieur SALOMON. 


Grande-Bretagne : MM. le Profr E. V. APPLETON, O. F. 
BROWN, le Dr D. DYE, le Dr SMITH-ROSE, le рг E. H. 
RAYNER, le Dr R. A. WATSON-WATT. 
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italie : M. le Profr О. VANNI. 
Japon : M. le Profr H. NAGAOKA. 


Pays-Bas : MM. J. A. BLAND VAN DER BERG; le Dr C. I. 
VAN DER BILT et le Dr BALTH. VAN DER POL. 


Union Sud-Africaine : M. l'Ingénieur C. W. R. CAMPBELL. 


Le Secrétariat général était composé de MM. le Dr R. B. 
GOLDSCHMIDT, Secrétaire général, l'Ingénieur P. GOLD- 


SCHMIDT, Secrétaire général-adjoint, et le Dr HOMES. 
attaché technique. 


Outre ces personnalités assistaient à l'As- 
semblée : 


MM. l'Ingénieur BRAILLARD, le Profr DACOS, l'Ingénieur 
DE BURLET, le Profr JANNE, le Profr MOENS, le Profr VAN 
DEN DUNGEN, ainsi qu'en qualité d'assistants : MM. DE VAU- 
CLEROY, le Capitaine HERBAYS et l'Ingénieur REVOL. 


Séance lnaugurale du 10 Septembre 1928 


Opening Session, September 10, 1928 


M. le Prof’ De Donder, Président du Comité 
National Belge de l'U. R. S. I., prononce lallo- 
cution suivante : 


MESSIEURS, 


Le Comité Belge de Radiotélégraphie Scienti- 
fique a été trés flatté d'apprendre que ГО. К. 
5. 1. avait en principe choisi Bruxelles comme 
siége du Secrétariat Général et de la présente 
Assemblée Générale. 

Au nom de ce Comité, j'adresse à Messieurs 
les Délégués étrangers qui nous ont fait l'hon- 
neur de répondre à l'appel qui leur fut adressé, 
nos meilleurs souhaits de bienvenue, et je les 
remercie vivement de l'éminente collaboration 
qu'il nous apportent. 

Ce concours est pour le Comité Belge le plus 
précieux des encouragements. Je puis vous 
assurer que notre Comité s'efforcera d'apporter, 
à son tour, une collaboration efficace aux tra- 
vaux de l'Union. Ce sera pour le Comité Belge 
une tàche bien agréable de mettre tout еп 
cuvre pour que vous conserviez le meilleur 
souvenir de la Belgique. 


MESSIEURS, 


Je suis convaincu qu'en prononçant ce mot 
de « Belgique » toutes vos pensées se portent 
vers son Chef vénéré. Qu'il me soit permis aussi 
de rappeler que le Roi des Belges a bien voulu 
accepler la Présidence d'Honneur de Ја Com- 
mission de Télégraphie Sans Fil Scientifique 
(T.S.F.S.), dont la présente Union est issue. 


Aussi, jai l'honneur de vous proposer d'cn- 
voyer le télégramme suivant au Roi: 


Les Délégués de l'Union Internationale de Radio- 
télégraphie Scientifique, réunis en Assemblée Géné- 
rale au Palais des Académies, prient Sa Majesté 
le Roi des Belges d'agréer leurs sentiments de 
respectueuse admiration. 

[15 se rappellent avec la plus profonde gratitude 
que Sa Majesté accepta la Présidence d'Honneur de 
la Commission Internationale de Télégraphie Sans 
Fil Scientifique (T. S. Е. 5.), dont la présente Union 


st 1 
pM Le Président de l'Union 
Internationale de Radiotélégraphie 
Scientifique, 
(s.) FERRIÉ. 


Le Président 
du Comité Belge, 


(s. DE DONDER. 


Je m'empresse à présent. de donner la parole 
à notre éminent et cher Président, M. le Géné- 
ral Ferrié, qui, gráce à sa compétence et à son 
dévouement, a porté si haut le prestige scien- 
tifique de lU. R. S. I. 


M. le Prof De Donder prie alors M. le Géné- 
ral Ferrié, Président de l'U. R. S. I., de prendre 
la présidence de la séance. 


M. le Général Ferrié ouvre la séance et pro- 
nonce le discours ci-aprés : 


MESSIEURS, 


J'ai tout d'abord l'agréable devoir de présen- 
ler les vifs remerciements de l'Union de Radio- 
télégraphie Scientifique à ceux dont nous avons 
l'honneur d'être les hôtes, pour l'accueil amical 
qu'ils ont bien voulu nous réserver, c'est-à-dire 
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au Gouvernement belge, à l'Académie belge des 
Sciences et au Comité National Belge de Radio- 
télégraphie Scientifique. 

Tout a été parfaitement organisé pour faci- 
liter nos travaux autant qu'il est possible. De 
plus de nombreuses distractions, excursions ou 
réceptions ont élé prévues pour conslituer un 
dérivatif précieux à l'aridité du labeur qui nous 
attend. Au nom de tous,j'exprime notre pro- 
fonde reconnaissance au Comité d'organisation 
et à son éminent Président M. De Donder. 


Au cours de notre derniére Assemblée Géné- 
rale à Washington, en 1927, plusieurs projets 
ont été établis concernant les statuts, l'organi- 
sation et le fonctionnement de notre Union. 
Nous devons les examiner à nouveau ici et 
prendre des décisions définitives. 


Le Conseil International de Recherches nous 
a demandé, d'autre part, comme à toutes les 
Unions scientifiques qui lui sont rattachées, de 
donner nos avis sur les modifications à apporter 
aux statuts du Conseil lui-même. Nous aurons 
donc à échanger des vues à ce sujet. 


Le Comité National Néerlandais nous a égale- 
ment consultés sur la possibilité d'établir éven- 
tuellement une collaboration suivie entre notre 
Union et le « Comité Consultatif Technique de 
Radiotélégraphie », dont la création figure dans 
les règlements administratifs internationaux 
qui ont été établis à Washington en 1927. 


Quant aux questions financières et administra- 
tives concernant notre Union, elles feront l'objet 
du rapport de notre dévoué Secrétaire Général, 
M. Robert Goldschmidt, envers qui notre dette 
de gratitude s'accroît sans cesse et à qui је 
suis heureux de rendre un public hommage 
au nom de tous. Je désire aussi témoigner notre 
grande reconnaissance à son dévoué collaboia- 
teur, M. Paul Goldschmidt, Secrétaire Général 
adjoint. 

П me reste encore, Messieurs, à vous exposer 
quelques commentaires au sujet du travail scien- 
tifique qui nous incombe. 


Lors de la fondation de notre Union, un des 
buts principaux que nous nous étions assignés 
était la recherche des lois qui régissent la 
propagation des ondes radiotélégraphiques, 
recherche qui nécessitait impérieusement une 


collaboration entre de nombreux observateurs 
répartis sur toute l'étendue de la surface du 
globe. 

Le but de cette recherche n'était pas entière- 
ment spéculatif, car nous espérions que la con- 
naissance des lois de la propagation pouvait 
permettre aussi d'améliorer les communications 
radiotélégraphiques. Elle répondait au surplus à 
un besoin de l'esprit hurnain : connaître le méca- 
nisme des phénoménes utilisés à des fins pra- 
tiques. 

Les résultats déjà acquis semblent montrer 
que ces recherches ont une importance beau- 
coup plus grande qu'on ne pouvait le penser 
tout d’abord, car elles fourniront un nouveau 
moyen d'étudier les variations de l’activité 
solaire ainsi que certains phénomènes dont le 
siège est dans la haute atmosphère. 

On ne disposait jadis, pour étudier l’activité 
solaire, que de l'observation directe de l'astre, 
mais on a constaté depuis que certains phéno- 
mènes terrestres étaient en relation directe ou 
indirecte avec celte activité : les variations du 
magnétisme terrestre, par exemple, comme l'ont 
confirmé tout récemment encore les travaux de 
notre collègue Maurain. C'est ainsi qu'on a été 
amené à conclure que les taches du soleil, seul 
indice accessible à l'observation directe, ne 
devaient étre qu'une manifestation particuliére, 
parfois déficiente, de l'activité solaire. 

Les travaux de nos collègues Austin et GREEN- 
LEAF Pickarp semblent bien montrer qu'il doit 
exister également une relation entre l'activité 
solaire et les phénoménes de propagation des 
ondes radiotélégraphiques. 

Nous possédons donc un nouveau moyen 
d'étudier les variations de cette activité, et nos 
recherches, dont l'intérêt semblait au début 
devoir se cantonner dans un domaine spécial, 
vont devenir au contraire une aide puissante 
pour tous ceux qui s'occupent d'astrophysique. 
C'est ainsi que s'explique la présence parmi 
nous d'un certain nombre de savants dont les 
occupations habituelles semblaient bien étran- 
géres à la Radiotélégraphie et dont la collabo- 
ration nous est infiniment précieuse. 

Le fait que nos études sont étroitement appa- 
rentées à la Géophysique nous démontre qu'elles 
doivent présenter aussi toutes les difficultés que 
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l'on rencontre dans toutes les branches de сене 


science. 

Nous sommes forcés de constater, d'autre part, 
au fur et à mesure que nos procédés d'investi- 
gation augmentent de précision, que les lois de 


la propagation ne sont pas aussi simples qu'on 
e 


l'avait supposé tout d'abord. C'est ainsi que nos 
collègues APPLETON, Вкет, TAYLOR, Heising, et 


d'autres encore, ont mis en évidence des phéno- 


ménes de réflexions multiples, ou d'échos, 
encore difficiles à expliquer. 

Certaines circonstances locales viennent, en 
outre, modifier les lois générales de la propa- 
galion. AUSTIN et BUREAU, notamment, ont mis 
еп évidence une influence locale de la tropo- 
sphére, influence perturbatrice que de nom- 
breuses expériences permettent probablement 
d'éliminer. 

Pour utiliser nos observations il est donc 
nécessaire de leur appliquer les procédés qui ont 
sj bien réussi aux astrophysiciens et aux géo- 
physiciens. On est frappé, par exemple, en exa- 
minant le travail de Maunaiw sur les Relations 
entre l'activité solaire el le Magnétisme terrestre, 
de voir qu'il a fallu, pour mettre en évidence ces 
relations, utiliser les observations de quarante 
années et que ces relations auraient totalement 
échappé si l'on n'avait utilisé qu'un petit 
nombre d'années d'observations. 

Remarquons aussi que lastronome SCHWABE 
n'a été amené à soupçonner l'existence d'un 
cycle solaire qu'aprés plus de trente années 
d'observation. 

Il faut donc que nous accumulions nous aussi 
les observalions, que leurs résullats soient cen- 
tralisés par un organisme qui est le Secrétariat 
Général de notre Union, et que celui-ci puisse 
en assurer la publication et Ја distribution à tous 
les intéressés, d'une manière identique à celle 
qui est employée par les Observatoires de Géo- 
physique et d'Astrophysique pour les résultats 
relatifs aux constantes magnéliques ou aux 
nombres de taches solaires, par exemple. 

Quand les résultats ainsi accumulés seront en 
nombre suffisant, leur dépouillement pourra 
être fait avec fruit, et il deviendra moins difficile 


de déterminer exactement les relations entre 
l'activité solaire et les phénomènes de ргора- 
galion des ondes radiotélégraphiques. La com- 
paraison avec d'autres phénomènes, également 
en relation avec l'activité solaire, permettra pro- 
bablement aussi de savoir quel est celui ou ceux 
de ces phénomènes qui retentissent directement 
sur Ја propagation des ondes. Une contribution 
inportante sera ainsi apportée aux recherches 
générales concernant les relations entre les phé- 
nomènes solaires et terrestres. 

Üne collaboration constante avec les géophy- 
siciens et les astrophvsiciens est donc indispen- 
sable. Une Commission mixte a été créée dans ce 
but par le Conseil International de Recherches 
el s'est déjà réunie à plusieurs reprises pour éta- 
blir des programmes de travaux. Elle a publié, 
еп 1926, d'importants mémoires, et une nouvelle 
publication est prochaine. 

Cette Commission recommande notamment 
d'organiser un certain nombre d'observatoires 
mixtes dans lesquels seraient faites simultané- 
ment des observations d'astrophysique, de géo- 
physique et de propagalion des ondes. Tous les 
membres de notre Union donneront certaine- 
ment avec plaisir le concours qui leur sera 
demandé. 

Le programme des travaux qui incombe à 
notre Union est donc très considérable, si l'on 
lient compte de toutes les recherches qui sont 
confiées à nos diverses Commissions. Je suis 
persuadé qu'il ne rebutera aucun d'entre nous 
el que dans tous les pays, nous trouverons les 
collaborateurs et les moyens d'action nécessaires 
pour mener notre lâche à bonne fin. 

Un précieux encouragement nous est déjà 
venu du Conseil. International. de Recherches, 
dont éminent Président, M. Émile Расавр, à 
bien voulu citer notre Union dans un de ses 
discours parmi celles dont le travail scienti- 
fique est le plus actif. Nous devons étre fiers de 
celle appréciation et nous efforcer de toujours 
la justifier. 

Après son discours, le Président prie M. Robert 
Goldschmidt, Secrétaire Général de ТО. А. S. I, 
de donner lecture de son rapport. 
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Rapport de M. Robert B. Goldschmidt, 
Secrétaire Général de 10. R. S. I. 


Report of Mr. Robert B. Goldschmidt, 
Secretary General of the U. R. S. I. 


MONSIEUR LE PRÉSIDENT, MESSIEURS, 


L'Assemblée Générale que l'U. R. S.I. a tenue 
à Washington en octobre 1927 a marqué une 
étape nouvelle dans le développement de ses 
travaux. 

C'était, en effet, la première fois que les mem- 
bres éminents qui composent ses Comités Natio- 
naux s'y rencontraient au sein des différentes 
commissions qui avaient été créées à Bruxelles 
cn 1922, c'est-à-dire dans les cadres déjà trés 
parfaitement appropriés à la préparation et au 


développement des travaux en vue desquels. 


notre Union a élé constituée. 

La réunion au sein de ces assemblées déli- 
bérantes, d'esprits aussi érudits, discutant de 
questions dont l'intérét est scientifique exclusi- 
vement, devait donner aux assises de Washing- 
ton une importance toute particuliére, accen- 
tuée encore par l'exposé, en séance publique, de 
travaux dont l'intérét est capital pour les progrès 
de la science et де la technique de la Radiotélé- 
graphie. 

L'Assemblée de Washington a rendu plus 
évidente encore, si possible, la nécessité de notre 
organisme, en montrant dans quelle large me- 
sure il peut contribuer à ces progrès. 

C'est pourquoi vous у avez reconnu qu'il était 
devenu nécessaire d'envisager les moyens de 
prendre différentes mesures d'organisation pro- 
pres à mettre mieux au point encore les diffé- 
rents rouages du fonctionnement de l'U. R. S. T.: 
ces mesures, vous les avez consignées en un cer- 
lain nombre de résolutions qui, les unes, pou- 
vaient étre mises directement en application, les 
autres, exigeaient qu'une réunion ultérieure vint 
les consacrer par la constitution de rouages nou- 
усапх. 

Il appartient au Secrétaire Général d'abord de 
vous rendre compte des premiéres et des tra- 
vaux qui s'v rattachent, ensuite, de solliciter la 
présente Assemblée de prendre toutes disposi- 
tions utiles en vue de la réalisation des secondes. 


PUBLICATIONS ET TRADUCTIONS. — Parmi les 
résolutions de 1927, l'une des plus importantes 
est celle qui se rapporte à la publication des tra- 
vaux et des délibérations de l'Assemblée Géné- 
rale et de ses Commissions. 

Le Secrétariat a apporté tous ses soins à sa 
parfaite exécution, et, j'aurais voulu l'ajouter, 
à sa rapide exécution, si la rapidité d'exécution 
était compatible avec la rigueur des procédés 
qui s'imposent еп matière de publications scien- 
tifiques. 


Mon premier soin dans ce rapide compte rendu 
sera de rendre hommage à notre distingué col- 
légue, M. Dellinger, qui a organisé avec le suc- 


cès que vous savez le Congrès de Washington, 


et à qui nous devons de posséder les textes dont 
vous avez les exemplaires sous les yeux. 


M. Dellinger a non seulement réuni les textes 
des études et délibérations, il les a aussi soumis 
au contróle de leurs auteurs, et s'il n'avait 
dépendu que de lui, le Secrétaire Général fut 
eniré en peu de jours en leur possession. Je saisis 
cette occasion d'adresser un pressant appel aux 
membres de cette Assemblée, pour qu'à l'avenir 
la mise au point des textes soit effectuée par 
eux sans perte de temps aucune; il suffit de l'ab- 
sence ou de la carence d'une seule des person- 
nalités qui ont pris part aux délibérations pour 
que tout Vensemble d'une publication 
trouve retardée. 


s'en 


Les textes étant réunis, les difficultés ne sont 
pas encore résolues. Vous avez décidé, en effet, 
el pour des raisons indiscutables en matiére de 
rigueur scientifique, que les épreuves d'impres- 
sion soient revues par les auteurs avant tirage. 
Il en résulte que le texte qui a déjà traversé dans 
les deux sens, soit la Manche, soit l'Océan Atlan- 
tique, soit méme toute une succession de mers, 
de continents et. d'océans successifs, les traverse 
une seconde fois dans les deux sens sous la forme 
d'épreuves imprimées; cependant aucun de ces 
quatre voyages (en réalité il у en a eu cinq) ne 
s'effectue à la vitesse de la propagation des 
ondes. 

Ceci soit dit, Messieurs, pour que vous ne 
sovez pas tentés de considérer le Secrétariat 
Général comme étant coupable, ou tout au moins 
seul coupable, si les publications n'ont pu sortir 
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de presse qu'aprés un délai assez important. En- 
core la situation ira-t-elle en s'améliorant d'an- 
née en année, du moins nous l'espérons. 

Dans le domaine des publications, la tâche la 
plus ingrate que le Secrétariat ait eu à assurer 
est certainement celle des traductions. Ingrat, 
je le serais moi-même si је ne commençais par 
adresser des remerciements plus que mérités à 
M. le Général Ferrié et à M. Jouaust, d'une 
part, à M. Watson Watt, d'autre part, qui ont 
bien voulu contrôler ces travaux avec un 
dévouement et une sagacité auxquels je ne 
saurais assez rendre hommage. Les traductions 
que vous avez sous les yeux ne sont peut- 
être pas encore suffisamment parfaites, et vous 
estimerez peut-étre à nouveau, avec nos émi- 
nents collégues italiens, qu'un traducteur est un 
traitre. Mais aussi, nul mieux que vous ne sait 
combien les termes, méme s'ils se rapportent à 
la méme chose, changent de signification et de 
définition d'une langue à l'autre, et combien, 
en matiére de traduction scientifique, l'homme 
scrupuleux est sujet au doute s'il tente d'étre 
rigoureux. 

Nous avons fait de notre mieux avec un maxi- 
mum de soins et nous espérons qu'à ce titre 
vous nous pardonnerez les inévitables imperfec- 
tions de l'exécution. 

Quoi qu'il en soit, l'ouvrage en sept volumes 
que vous avez sous les yeux constitue un docu- 
ment d'un intérét capital, que tous les milieux 
qui s'intéressent à la T. S. F. ont avantage à se 
procurer. Je me permettrai d'ajouter que son 
impression a engagé notre Union dans des 
dépenses trés supérieures à ses ressources bud- 
gétaires. П n'y a pas de doute que si les Comités 
Nationaux ne faisaient pas un effort considérable 
pour le répandre dans leurs pays respectifs, il 
ne serait pas possible de procéder dans l'avenir 
à de pareils frais. J'adresse donc un pressant 
appel à tous les Comités Nationaux pour qu'ils 
fassent des souscriptions fermes et immédiates. 


BIBLIOGRAPHIE ET BIBLIOTHÈQUE. — Une autre 
résolution de 1927 se rapporte au développement 
du service bibliographique et à l'institution 
d'une bibliothéque. Cette importante question 
fera l'objet d'un rapport spécial qui sera soumis 
à la Commission qui siégera à cet effet et que 


l'Assemblée plénière sera invitée à constituer 
immédiatement pour dégager le travail des 
autres assemblées. Gràce au concours de plu- 
sieurs Comités Nationaux, nous avons pu étendre 
considérablement les listes réguliéres de réfé- 
rences bibliographiques. Nous espérons que ce 
service aura pu étre utile à nos membres. À titre 
provisoire, nous avons utilisé le systéme de clas- 
sement Dewey, qui avait été adopté non seule- 
ment en Amérique, mais également par la Sous- 
Commission spéciale du Comité National Fran- 
cais. 

Nous avons cependant à enregistrer l'échec des 
négociations qui avaient été engagées avec le 
Journal Télégraphique de Berne, si éminem- 
ment représenté à Washington par M. Etienne, 
dont le décès survenu en mer, à son retour 
d'Amérique, a conslerné ses nombreux amis; 
l'accord que nous avions tenté de contracter avec 
cette publication aurait considérablement faci- 
lité la diffusion de nos travaux; les successeurs 
de M. Etienne n'ont pas cru devoir ratifier les 
conventions provisoires que nous avions con- 
clues et nous avons été contraints, de ce fait, de 
nous orienter dans une autre voie. 


EXTENSION DE L'ACTIVITÉ DE L’U.R.S.I. — La 
sixième résolution de Washington est celle qui 
se rapporte aux démarches qui doivent aboutir, 
d'une part, à l'extension de lU. R. S. I., d'au- 
tre part, à la réunion de fonds nécessaires à son 
activité nouvelle. 

Votre Secrétaire Général n'a pas négligé le 
premier point, et priera le Comité Exécutif que 
vous avez à nommer tout à l'heure, d'examiner 
la situation actuelle, principalement en fonction 
de l'existence du « Comité Consultatif Interna- 
tional Technique », créé à la Conférence de 
Washington et qui doit se réunir prochainement 
à l'initiative de l'Administration compétente des 
Pays-Bas. 

Votre Comité Exécutif aura l'occasion égale- 
ment d'examiner dans quelle mesure les Comités 
Nationaux ont pu, en s'adressant aux Gouverne- 
ments, aux Académies, aux sociétés commer- 
ciales, aux groupements d'amateurs et de par- 
ticuliers, recueillir des dons, des cotisations 
annuelles, des souscriptions aux publications de 
l'Union. Il pourra éventuellement, ainsi que le 
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propose le Comité National Américain, établir 
un budget de dépenses sur lequel puissent s'ap- 
puyer ceux qui voudront bien s'occuper de ce 
travail de propagande si nécessaire au dévelop- 
pement de nos travaux. 

Dans Ie méme ordre d'idées, une autre réso- 
lution (la dixiéme), a porté la cotisation des pays 
à 100 francs-or par unité. J'aurai l'occasion de 
vous signaler, en vous présentant le budget, 
qu'aucune des cotisations n'est encore rentrée 
pour 1927, ni sur l'ancienne base, ni sur la nou- 
velle, en sorte que notre situation budgétaire qui 
était trés favorable l'an dernier, souffre aujour- 
d'hui grandement de ce retard. 

J'ajouterai que les difficultés financiéres sur 
lesquelles je me suis trouvé forcé d'attirer votre 
attention n'ont rien qui doive provoquer du 
pessimisme. Il ne s'est pas écoulé encore une 
année depuis que l'organisation nouvelle de 
l'U. R. S. I. a été élaborée à Washington, et il 
est tout à fait normal que les mesures d'exécu- 
tion exigent pareil délai, lorsqu'il s'agit d'un 
corps dont les différents organes sont disséminés 
en des régions aussi éloignées que possible sur 
la sphére terrestre. En tout état de cause, les 
dépenses de l'U. R. S. I. sont trés minimes, et 
elles ne sont inférieures aux recettes que parce 
que les Comités Nationaux ne se sont pas encore 
trouvés en mesure de réaliser le trés léger effort 
qui leur est demandé. 

J'en arrive à celles des résolutions de 1927 
qui se rapportent à l'ordre du jour de la présente 
assemblée. Je les ai reprises dans ma lettre du 
15 mai 1928 adressée à tous les Présidents des 
Comités Nationaux. 


Comité Extcutir.— D'après la douzième réso- 
lution, vous aurez à constituer le Comité Exé- 
cutif, composé d'un délégué de chaque Nation 
appartenant à l'Union, ce délégué étant désigné 
par les Comités Nationaux eux-mémes. Le Co- 
те Exécutif, étant chargé de l'étude de toutes 
les questions relatives à l'organisation et à l'ad- 
ministration de l'U. К. S. T., prendra, sous ré- 
serve de la ratification de l'Assemblée Générale 
à sa dernière réunion, des décisions au sujet des 
points suivants : 


1* Modification des statuts. — Un projet de 
modifications aux statuts a été élaboré par le 


Bureau, afin de les conformer à la nouvelle orga- 
nisation de l'U. R. S.T. Le Comité Exécutif aura 
à se prononcer à son sujet. 


2° Modification de la dénomination de ГИ. 
R.S.I. — П aura également à décider de la nou- 
velle dénomination de l'U. R. S. I., qui prendrait 
le nom d' « Union Radio-Scientifique Interna- 
tionale » adopté provisoirement. 


3° Désignation de Membres d'Honneur et d'un 
Président d'Honneur. — П fera également des 
propositions pour la désignation de Membres 
d'Honneur et d'un Président d'Honneur. 


4° Attribution de prix, médailles et diplômes 
internationaux. — П prendra toutes mesures 
utiles en vue de l'attribution de prix, médailles 
et diplômes internationaux. 


5° Création d'une Commission pour l'étude 
générale des oscillations. — П a été reconnu à 
Washington que l'étude des oscillations devait 
faire l'objet des travaux d'une Commission spé- 
ciale. Vous aurez à désigner les membres de 
cette Commission. Le Comité National Améri- 
cain a émis Је désir de voir celle-ci porter une 
autre dénomination. | 


6° Renouvellement du Bureau. — L'Assem- 
blée Générale, en sa derniére réunion, aura, 
outre à ratifier les décisions du Comité Exécutif, 
à procéder au renouvellement du Bureau. 


Tl nous reste à faire aux Présidents des diffé- 
rentes Commissions des recommandations qui se 
rapportent à l'organisation du travail de celles- 
ci; elles résultent des directives exprimées par 
M. le Général Ferrié dans une lettre dont j'ai 
communiqué la teneur aux Présidents des Comi- 
tés Nationaux et des Commissions. 

Les Commissions s'inspireront utilement de 
cette considération, que le but des Assemblées 
Générales identiques à la nótre n'est pas seule- 
ment de provoquer des discussions sur des sujets 
scientifiques qui leur auront été soumis, mais 
aussi et surtout de préparer des programmes de 
travail pour les recherches qui, sortant du cadre 
du laboratoire, nécessitent une collaboration 
internationale. Les Commissions pourront donc 
en premier lieu examiner les programmes de 
travail qui leur seraient éventuellement soumis, 
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ce qui a été déjà le cas pour certaines d'entre 
elles. Elles se pénétreront de la nécessité de 
prendre au sujet de ces propositions des déci- 
sions fermes et d'arriver à la rédaction d'un 
texte aussi précis que possible qui serait soumis 
à la derniére réunion de l'Assemblée Générale. 
Les Commissions qui n'ont pas encore recu de 
propositions pour un programme pourraient se 
borner, à une premiére réunion, à désigner un 
rapporteur chargé de l'établir, et laisser, en 
altendant, siéger les autres Commissions. 


J'ai déjà demandé aux Comités Nationaux de 
désigner, parmi ceux de leurs membres qui as- 
sistent à cette Assemblée, des remplaçants pour 
ccux de leurs délégués aux différentes Commis- 
sions, dont nous avons à regretter l'absence. 
Tous les délégués prendraient part au vote sur les 
_ propositions, mais, en cas de divergences de 
vues, l’Assemblée Générale pourrait encore déci- 
der à leur sujet en votant cette fois par Élat. 

Quand les Commissions auront terminé ce tra- 
vail d'organisation des études futures, ' qu'on 
pourrait qualifier de « travail administratif », 
elles pourront aborder les discussions scientifi- 
ques. On ne saurait trop les engager à limiter 
ces discussions à des sujets bien déterminés, si 
elles désirent qu'elles soient fructueuses. 

La présentation des mémoires proprement dits 
c! leur discussion auraient lieu uniquement pen- 
dant les séances publiques, qui seront évidem- 
ment de ce chef les plus intéressantes de notre 
Assemblée Générale. 

Dans ces conditions, je propose à l'Assemblée 
Générale de délibérer immédiatement sur les 
points suivants : 


Constitution du Comité exécutif ; 


Constitution d'une Comniission spéciale pour 
l'étude des publications et de la Bibliographie ; 


Désignation des délégués des Comités nationaux 
aux cinq Commissions, savoir : la Commission des 
Mesures et Etalonnages, la Commission de la Propa- 
gation des Ondes, la Commission des Atmosphéri- 
ques, la Commission de Liaison, la Commission des 
Oscillations, la dénominatiun de cette dernière Com- 
mission restant a modifier. 


ж ok ox 


Liste des documents mis en circulation 
par le Secrétariat Général. 


List of documents 
circulated by the General Secretary. 


I. — Caractéristiques et résultats des mesures 
des émissions U. R. S. I. 

а) Comité national américain : 

Numéros 156, 162, 166, 170, 184. 


b) Comité national frangais : 


Numéros 152, 155, 160, 161, 163, 164, 165, 167, 173, 
174, 176. 
| II. — Autres documents. 


a) Comité national américain : 

N° 153 : American Geophysical Union. Section of 
Terrestrial Magnetism and Electricity : Abstraits of 
Reports and Papers presented at Annual Meeting. 
April 1927. 

N° 169 : On the influence of solar activity on 
radio transmission by Austin and Wvmore. 

N° 177 : Studies of high-frequency radio wave 
propagation by A. H. Taylor and L. O. Young. 

N° 178 : On round the world signals by E. O. 
Hulburt. 

N? 179 : The origin of the aurora borealis by 
E. O. Hulburt. 

N° 180 : Report of the Chairman of the Commis- 
sion on radio wave propagation : L. У. Austin. 

N° 181 : Magnetostriction oscillators by George 
W. Pierce. 

N° 182 : A dynamic study of magnetostriction by 
K. Ch. Black. | 

N? 183: Long-wave radio receiving measurements 
al the Bureau of Standards in 1927. 

N? 185 : An automatic recorder for measuring the 
strength of radio signals and almospheric distur- 
bances by Judson.: 


b) Comité national anglais : 

N° 157 : А study of radio direction finding by 
R. L. Smith-Rose. 

N? 158 : The Range of atmospherics. 

N° 159 : Further measurements on wireless waves 
received from the upper atmosphere by R. L. Smith- 
Rose and R. H. Borfield. 

N° 168 : On a method of determinating the state 
of polarisation of downcoming wireless waves by 
E. V. Appelton and G. А. Ratcliffe. 

Мо 175 The polarisation of radio-waves by 
J. Hollingworth. 


c) Comité national japonais : 


N° 154 : Tables for facilitating the calculation of 
self-inductance of circular coil and mutual inductance 
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of coaxial circular currents. by Н. Nagaoka and 
S. Sakurai. 


N° 171 : Long distance radio receiving measure- 
ments by Tomozo Nakai. 


N° 172 : Study on the operation of the multivi- 
brator by Yasukazu and Shogo Namba. 


* k x 


Rapport financier. 


Financial report. 


Disponible au 17 septembre 1927 . . .fr. 


13,968.01 
Recettes : 
Cotisations 1927 : 
Belgique 
Italie 
Etats-Unis 
Japon NE 
Union Sud-Africaine . 
Australie 
7,292.10 
21,260.11 
Dépenses : 
Frais du Bureau administratif : 
Impression de documents. 3,122.95 
Ports, documents et correspon- 
dances à 2,033.85 
Appointements du personnel. . 14,120.— 
———————— 19,876.80 
Reste disponible au 1* septembre 1927. 1,383.31 


Rentrées probables : 


Arriérés cotisations 1927 . 2,200.— 
Cotisations 1928 (base 100 fr. or) 30,000.— 


Souscriptions publications A. G. 
1927 . 


Dépenses engagées : 


Publications et divers . . 50,000.— 


Organisation A. G. sep. 1928. 


N. B. — L'état des recettes et des dépenses est 
élabli en francs belges. 


Pour mémoire, le reliquat d'un crédit de 50,000 tr., 
ouvert antérieurement et mis par M. Robert бог.р- 
SCHMIDT, Secrétaire Général, à la disposition de 


l'U. R. S. I., reste ouvert pour être affecté à des tra- 
vaux extraordinaires ou à des études spéciales. 

Ce crédit avait pour objet principal de faciliter les 
travaux de début de l'U. R. S. I., avant l'adhésion 
des différentes nations ; il a été fait rapport à l'As- 
semblée générale de 1922 sur les dépenses effectuées, 
rapport qui faisait ressortir le reliquat à 36,677 francs. 


Le Président exprime son optimisme au sujet 
de la rentrée des cotisations restant à verser ct 
suggère de passer cette question au Comité Ехс- 
cutif. 


Il propose ensuite de constituer celui-ci. 


CONSTITUTION DU COMITÉ EXECUTIF. 


Aprés délibération, le Comité Exécutif est con- 
stitué comme suit : 


Président : Général FERRIÉ. 
Australie : Prof" MADSEN 
Belgique : Prof? De DONDER. 
États-Unis : Dr. AUSTIN. 
France : Général if ERRIE 
Grande-Bretagne : Prof’ APPLETON. 
Italie : Prof" VANNI. 
Japon : Prof" NAGAOKA. 
Norwège : (Réservé.) 
Pays-Bas : BLAND VAN DEN BERG. 
Portugal : (Réservé.) 

Union Sud-Africaine : CAMPBELL. 


Le Comité Exécutif se réunira immédiatement 
après la séance et décidera de sa prochaine réu- 
nion. 


CONSTITUTION DES COMMISSIONS. 


On passe ensuite à la constitution d'une Com- 
mission spéciale pour l'étude des publications et 
de la Bibliographie. 


M. le Président, vu le programme surchargé 
de l'Assemblée Générale, propose de confier au 
Comité Exécutif la création d'une Commission 
ou d'un sous-comité composé de deux ou trois 
membres chargés d'étudier cette question et de 
présenter des propositions à l'Assemblée Géné- 
rale. 

Le point suivant de l'ordre du jour a trait à 
la constitution des diverses Commissions; il est 
décidé que chaque Commission élira dans son 
sein un président dont le choix sera ratifié par 
l'Assemblée Générale. 


10 
COMPOSITION DES COMMISSIONS : 
Commission 1. 
Méthodes de mesures et étalonnages. 
MEMBRES : 
MM. le Dr. Dye Angleterre. 
Ing. Corteil Belgique. 
Dr. Hull États-Unis 
Prof’ Mesny France 
Prof’ Vanni Italie. 
Prof' Nagaoka Japon. 
Dr. Campbell Afrique du Sud. 
Dr. van der Pol Pays-Bas. 
ADJOINT : 
Ing. Braillard. 
Commission П. -— Propagation des ondes. 
MEMBRES : 
MM. Dr. Smith-Rose Angleterre. 
Prof’ De Donder ) Beleiqu 
Prof” Janne а 
Dr. Austin Etats-Unis. 
Prof' Mesny France. 
Prof' Vanni Italie. 
Prof' Nagaoka japon. 
Dr. Campbell Afrique du Sud. 
Dr. van der Pol Pays-Bas. 
Commission III. — Perturbations atmosphériques. 
MEMBRES : 
MM. Dr. Watson Watt Angleterre. 
Ing. Philippson Belgique. 
Dr. Snyder Etats-Unis. 
Cap. Bureau France. 
Prof' Vanni Italie. 
Prof' Nagaoka Japon. 
Dr. Campbell Afrique du Sud. 
Dr. van der Bilt Pays-Bas. 
Commission ТУ. —- Liaison avec les amateurs, etc. 
MEMBRES : 
MM. Dr. Rayner Angleterre. 
Colonel Wibier Delgique. 
Prof. Kennelly États-Unis. 
Ing. Brenot France. 
Prof? Vanni Italie. 
Dr. Campbell Afrique du Sud. 
Prof' Nagaoka Japon. 
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Dr. van der Bilt ' Pays-Bas. 


Commission V. — Radiophysique. 
MEMBRES : 

Belgique. 

États-Unis. 


MM. Prof? Dacos 
Prof' Kennelly 
In* Le Corbeiller 


France. 
Ing. Salomon | 
Prof' Vanni Italie. 
Prof Nagaoka Japon. 
Dr. Campbell Afrique du Sud. 
Dr. van der Pol Pays-Bas. 


Le Comité National Anglais a décidé de ne 
pas désigner de délégué pour cette Commission. 

La séance est suspendue pendant quelques 
instants pour permettre aux différentes Commis- 
sions d'élire leurs présidents. 

Les désignations suivantes sont proposées et 
approuvées à l'unanimité par l'Assemblée Géné- 


anes Commission I Dr. Dye. 
» П : Dr. Austin. 
» ПІ : Dr. Watson Watt. 
» IV : Prof' Vanni. 
» V : Dr. van der Pol. 


Afin de permettre à chacun des membres d'as- 
sister à toutes les séances, on décide que les réu- 
nions des Commissions n'auront pas lieu en 
méme temps, mais les unes aprés les autres dans 
l'ordre I, II, III, V et IV. 


ORGANISATION DE LA SÉANCE PUBLIQUE. 


On délibére ensuite sur l'organisation de la 
Séance Publique qui aura lieu le jeudi 13 sep- 
tembre. On décide de donner lecture de tous les 
mémoires présentés à l'Assemblée Générale et 
dont la liste est publice dans le premier fasci- 
cule du présent volume. Le Secrétariat Général 
établira le programme de la Séance Publique en 
groupant ensemble les mémoires traitant de 
sujets connexes. 


MESSAGE DE S. M. LE ROI DES BELGES. 


Le télégramme ci-après a été recu en réponse 
à celui expédié par l'Assemblée Générale à 
S. M. le Roi des Belges : 


Messieurs le Général Ferrié et De Donder, Prési- 


dents de l'Union Internationale de Radiotélégraphie 


Scientifique et du Comité Belge. Le chaleureux mes- 
sage que vous lui avez adressé à l'occasion de l'As- 
semblée Génerale de l'Union Internationale ае 
Radiotélégraphie Scientifique a particulièrement 
touché le Roi. Sa Majesté m'a chargé de vous trans- 
mettre, ainsi qu'à tous ceux dont vous vous êtes fait 
l'interprète, l'expression de sa vive gratitude. 
Chef Cabinet Roi. 
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Assemblée Générale du 15 Septembre 1928 


General Session, September 15, 1928 


La séance est ouverte à 10 h. 10, sous la pré- 
sidence de M. le Général Ferrié. 


1° Résolutions du Comité Exécutif. 


M. le Président. — Messieurs, votre Comité 


Exécutif a étudié un certain nombre de ques- 


tions dont il va vous étre rendu compte. 


а) MODIFICATION DE LA DÉNOMINATION 
.DE L'U. R. S. I. 


Le Comité Exécutif vous propose: d'appeler 
notre groupement « Union Radio-Scientifique 
Internationale ». On a objecté que le mot 


« Radio » n'était ni anglais, ni francais. En ce 


moment, étant donnés les progrès constants de 
la technique et particulièrement de la technique 
de la radio, le besoin de mots nouveaux se fait 
sentir, et nous pensons que c'est pour nous une 
occasion d'adopter un mot nouveau. Nous vous 


proposons donc la nouvelle dénomination de 
ГО. R. S. I. 


Aucune objection n'étant présentée, la propo- 
sition du Comité Exécutif est adoptée. 


b) MODIFICATION DES STATUTS. 


M. le Président. — Nous ne pouvons modifier 
les statuts de notre Union sans l'approbation du 
Conseil International de Recherches. 

Nous avons élaboré des statuts qui seront 
distribués pour examen et avis à tous les 
Comités Nationaux, par les soins du Secrétariat 
Général. Quand nous aurons recu l'accord de 
ceux-ci, nous soumettrons notre projet au 
Conseil International de Recherches. 


c) BUDGET. 


Les propositions présentées par la Commission 
financière sont acceptées. 


d) LETTRE DU COMITÉ NATIONAL HOLLANDAIS 


RELATIVE AU 
COMITÉ CONSULTATIF INTERNATIONAL TECHNIQUE. 


M. le Président. — Nous arrivons maintenant 
à la question qui a été posée par le Comité Natio- 
nal Hollandais et appuyée par une letrre de 
M. Arendt, Directeur des Télégraphes du Reich, 
Président de la délégation allemande à la Con- 
férence Radiotélégraphique Internationale de 
Washington. 

M. Bland van der Berg va vous exposer la 
question. 


M. Bland van der Berg. — ll existe un point 
plus ou moins difficile à établir, c'est celui des 
relations qui doivent exister entre le C. C. I. qui 
se réunira en Hollande, et l'U. R. S. T. L'Admi- 
nistration néerlandaise, qui reconnait l'utilité de 
PU. R. S. I., a étudié cette question et est arrivée 
à la proposition que je vais vous lire. C'est une 
déclaration formelle, qui, je crois, donnera une 
solution à la question. 

. Suivant l'article 33 du règlement général 
annexe à la Convention Radioélectrique Inter- 
nationale de Washington, l'Administration des 
Pays-Bas est chargée d'organiser la première 
réunion du Comité Consultatif International 
Technique des communications radioélectriques 


et d'établir le programme des travaux de cette 


réunion. La Commission qui élabore ces travaux 
s'est mise en rapport avec le Nederlandsche 
Radio Genootschap, Comité National Néerlan- 
dais de lU. R. S.I., et non avec lU. R. S. I, 
parce qu'elle est d'avis que le concours qu'elle 
invoque doit se limiter à ce Comité National. En 
agissant autrement les administrations étran- 
gères pourraient y voir un acte peu courtois à 
leur égard. L'Administration néerlandaise recon- 
naît la haute compétence де l'U. R. S. I. dans 


celte matière; elle veut en donner une preuve et 
c'est ainsi qu'elle s'est proposé de poursuivre la 
réalisation des projets suivants concernant les 
relations entre le C. C. I. Radio et PU. R. S. I. 

А la convocation de la première réunion du 
C. C. I, par l'intermédiaire du Bureau interna- 
tional de Berne, l'Administration néerlandaise 
relira la proposition d'introduire lU. R. S.I., 
de sorte qu'elle puisse participer aux délibé- 
rations, et de lui accorder une voix consultative. 
En outre, l'Administration néerlandaise a l'in- 
tention de proposer aux administrations qui 
seront réunies à la première session du C. C. L, 
et qui pourront partager sa manière de voir, de 
se déclarer en principe disposées à favoriser que, 
soit à l'occasion de la Conférence internationale 
à Madrid (en vue de la revision de la Convention 
de Washington), soit à la premiére occasion 
légale qui se présente plus tót, qu'il soit pos- 
sible que les sociétés scientifiques de composi- 
lion internationale sans restriction, qui s'oc- 
cupent de radio, puissent participer aux réu- 
nions du C. C. I. comme membres avec voix 
délibérative. 

En principe, l'U. R. S. I. assisterait aux réu- 
nions du C. C. I. et serait consultée. Nous espé- 
rons vivement que celte proposition vous 
agréera et que l'U. К. S. I. acceptera notre invi- 
tation. | 


D” Van der Pol. — M. le Président, vous me 
permettrez, en tant que Président de la Neder- 
landsche Radio Genootschap, de remercier 
M. Bland van der Berg pour la peine qu'il a 
prise dans cette question délicate. 


M. le Président. — L'U. К. S. I. et moi-même 
avons le devoir de remercier trés vivement 
M. van der Berg et le Comité National Néerlan- 


dais d'avoir pensé à mettre en avant la possibi- · 


lité d'une collaboration entre l'U. R. S.l. et le 
C. C. 1. Toutefois, il y a lieu de remarquer que 
ces deux groupements sont complètement diffé- 
rents. Le C. C. I. créé à Washington a un carac- 
tère exclusivement technique, tandis que le 
caractère de notre Union est purement scienti- 
fique. Cependant nous pouvons affirmer, je 
crois, et je vous demanderai votre avis, que 
nons sommes préts, en corps et individuelle- 
ment, à donner notre concours en ce qui con- 
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cerne la radio-scientifique, lorsqu'il nous sera 
demandé. 

Je vous propose donc de prier le Comité 
Néerlandais de dire officiellemnet que l'U.R. 
S. Pest prête à donner son concours, si on le lui 
demande, à des travaux scientifiques. 


D! 


Quelqu'un a-t-il une observation à présenter? 


M. Bland van der Berg. — C'est avec un trés 
vif plaisir que je transmettrai à l'Adininistration 
nécrlandaise votre réponse, pour laquelle je vous 
remercie. 


e) DÉSIGNATION D'UN PRESIDENT 
ET DE MEMBRES bD HONNEUR. 

M. le Président. — Notre ordre du jour appelle 
ensuite la désignation de Membres d'Honneur 
et d'un Président d'Honneur. 

ll a paru préférable au Comité Exécutif, au 
point de vue international, de supprimer cette 
éventualité pour éviter des difficultés et des 
froissements. Je tiens à faire remarquer, toute- 
fois, que chaque Comité National a toute latitude 
de nommer des Présidents ou des Membres 
d'Honneur. 

Aucune objection n'étant présentée, il est 
décidé de ne nommer ni Président d'Honneur 
ni Membres d'Honneur pour lU. К. S. I. 


f ATTRIBUTION DE PRIX, 
MÉDAILLES ET DIPLOMES INTERNATIONAUX. 


M. le Président. — L'ordre du jour appelle 
ensuite la question de l'attribution de prix, 
médailles et diplômes internationaux. 

Notre situation financière étant très pénible, 
Je crois que nous pouvons remettre ces largesses 
à l'avenir. 

Aucune objection n'étant faite, cette propo- 
sition est adoptée. 


qJ) BIBIOGRAPHIE. 


M. le Président. — M. le Prof Appleton a 
soumis au Comité Exécutif une proposition fort 
intéressante qui a été appuyée par le Secrétaire 
Général et acceptée par le Comité Exécutif. Je 
prie M. le Prof” Appleton de nous représenter 
ici sa proposilion. 


Prof’ Appleton. — Y propose quite briefly 
that the bibliography of the U. R.S. I. would be 
an extended form of the bibliography which 
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is at present produced in « Experimental 
Wireless ». The editor of « Experimental 
Wireless » would cooperate with the U. R. S. I. 
so that it will be possible to make this biblio- 
отарћу greater and more useful than it is at 
present. A notable assistance will be the 
cooperation of some countries like Italv, Japan 
and Holland for which certain references have 
been lacking in the past. 


M. le Président. — Il est entendu que cette 
bibliographie ainsi que les tirés à part porte- 
ront l'étiquette de l'U. R. S. I. et non pas celle 
de la revue. 


D” Van der Pol. — Are the subjects to be sent 
directly to the editor? Would the National Com- 
mittees of which languages are not so well 
known as English and France, have to send the 
extracts and notes in English? 


Prof' Appleton. — I ought to state that since 
the bibliography of Experimental Wireless is 
prepared by the Radio Research Board, it would 
be desirable to send the notes in English if 
possible and it would be fitting that the name 
of the Radio Research Board should be mention- 
ned on the bibliographies. It is a question which 
could be arranged by the Secretariat Général 
and the British National Committee. 


M. le Président. — Les Comités Nationaux qui 
établiront des bibliographies les enverront au 
Secrétariat Général, qui les transmettra à l'édi- 
teur. Des tirés à part seront distribués aux 
Comités Nationaux. Les détails d'exécution 
peuvent être mis au point par M. le Prof’ Apple- 
ton et notre Secrétaire Général. 


M. le Secrétaire Général. — Je suis très 
heureux de la proposition de M. le Prof" Apple- 
ton ef j'estime que nous pouvons tous l'en 
remercier. Cette facon de procéder nous évitera 
un travail long et laborieux. Je ferai tout mon 
possible pour que la centralisation des références 
bibliographiques se fasse rapidement. 

Peut-être un jour y aura-t-il moyen que 
les titres de tout ce qui est édité et de nature à 
nous intéresser nous soient communiqués immé- 
diatement et gratuitement par les Sociétés de 
Radiotélégraphie. 

Je dois vous entretenir d'une autre question : 
M. le Prof Austin a envoyé au Secrétariat 


Général des courbes trés intéressantes, mais qui 
malheureusement ne peuvent pas étre publiées 
intégralement. Nous avons reproduit ces courbes 
sur des films qui peuvent étre mis entre les 
mains de tout le monde. Si cette facon de pro- 
céder rencontre votre assentiment, le Secrétariat 
Général pourrait éditer ces films et les fournir 
au prix de cinquante courbes pour 5 francs 
belges. 


M. le Président. — Je pense que nous accep- 
tons tous avec grand plaisir la proposition de 
M. R. Goldschmidt. 

Pour ce qui est de la bibliographie, nous 
avons tous admis que notre Secrétaire Général 
s'entendra avec M. le Prof Appleton pour la 
mise au point des détails d'exécution. 


Prof Austin. — I would like to know which 
apparatus is to be used for the projection of the 
films. 


M. R. Goldschmidt. — N'importe quel appa- 
reil, d'une valeur minime ne dépassant pas 


10 dollars. 


Prof' Mesny. — Je ne veux pas prolonger la 
discussion sur la question bibliographie, mais 
je serais heureux de consulter l'U. R. S. I. sur 
une proposition dont les détails devront étre 
réglés ensuite entre le Prof' Appleton, le Secré- 
taire Général et le Comité Francais. Si un 
arrangement pouvait intervenir entre l’ « Experi- 


mental Wireless » et la revue 1' « Onde Électri- 


que» nous pourrions publier également Ја 
bibliographie en langue francaise. 


D* Van der Pol. — I support the proposal of 
Prof' Мезпу. 


Prof Appleton. — T think that the editor of 
« Experimental Wireless » will agree. 


M. le Président. — Nous remercioris vivement 
ces Messieurs et nous prions le Secrétaire Géné- 
ral d'étudier la question avec MM. Appleton et 
Мезпу. 

Nous continuons notre ordre du jour; je vous 
propose d'admettre que les travaux scientifiques 
envoyés à l'U. R. S. I. ne soient plus traduits et 
soient publiés uniquement dans leur langue ori- 
ginale, afin de simplifier le travail du Secrétariat 
Général. 

Cette proposition est adoptée. 
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2° Résolutions des Commissions. 
Désignation des Présidents et des membres 
des Commissions. 


M. le Président. — Je demande que chaque 
Président de Commission veuille bien nous 
donner un résumé de son rapport; la lecture 
entiére nous prendrait trop de temps. 

Les Présidents des Commissions donnent un 
résumé des rapports dont les textes suivent. 


к ж o 


Rapport de la Commission І. 


Report of Commission I. 


The resolutions were as follows : 


1. Arrangements will be made with Dr. Hoyt 
Taylor of the Naval Research Laboratory, « Bel- 
levue » Anacostia D. C. for the transmission of 
a regular series of signals on short waves (15 me- 
tres wave-length or 20 megacycles per sec.) for 
the purpose of effecting international compari- 
sons of frequency standards in this region of 
wave-length. 

The times and modes of transmission will be 
decided by correspondence and probably a little 
more work. 


2. Negotiations will be made with the British 
Broadcasting Corporation and, if satisfactory, 
the following arrangements will be made with 
them : | 

a) To transmit from the broadcast station at 
Daventry (5 GB) unmodulated waves according 
to a programme for the purpose of international 
radio frequency comparisons within range of the 
station in the region of radio frequency, 610 Kc/s 
(492 metres, wave-length). 

b) To transmit from the same station a pro- 
gramme of modulated waves, the modulation 
being produced by a very steadily operated 
tuning fork of frequency in the near vicinity of 
1 000 cycles per second. This transmission will 
ђе of such duration and character that the fre- 
quency of the modulation may be compared 
with the frequency of a tuning fork such as is 
used at Brussels as the standard for all the Euro- 
pean broadcast stations and elsewhere on multi- 
vibrator wavemeters, etc. 


This modulation frequency will be accurately 
measured in England at the National Physical 
Laboratory and in other places where accurate 
absolute measurements in terms of astronomi- 
cal time can be made. 


3. Arrangements will be made with Dr. Hull 
formerly of the Bureau of Standards and now of 
Radio Frequency Laboratories Inc. Boonton, N.J. 
for the supply on loan to the U.R.S.I. of a self- 
contained piezo-electric quartz oscillator with 
temperature-control and of such quality as to 
serve as a standard of radio-frequency to be sent 
in circulation from one national laboratory to 
another in a circuit continuously. 

The responsibility or action in these program- 
mes rests with the President of Commission 1 
who will take the necessary initiative and will 
forward copies of correspondence to the General 
Secretary at Brussels. 

In addition it is hoped to undertake in Great 
Britain a comparison of various methods of cur- 
rent measurement at extra high frequencies 
(greater than 6 megacycles per second). 

Descriptions of various methods of measure- 
ment of capacity, inductance, effective resis- 
tance, properties of dielectrics, etc., will be for- 
warded to the General Secretary who will redis- 


tribute them to all interested. 
D. Dye. 


(Chairman.) 


Note : Dr. Dye was elected president of Com- 
mission I in place of Prof. H. Abraham who 
expressed the desire to retire from the presi- 
dency. 


* ж k 


Rapports de la Commission II. 


Reports of Commission II. 


PREMIERE SOUS-COMMISSION. 


ne 


First SuB-CoMwissioN. 


Terms of Reference : To consider the effect of 
the ground in signal intensity measurements 
with a loop. 


Conclusions : 1. The electric field intensity 
(ог the magnetic field intensity) is correctly 
determined in the usual мау Бу measuring the 
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clectromotive force produced by the waves. This 
clectromotive force is the same whether cal- 
culated as being a result of the electric or ma- 
genetic field of the waves whateter be the elec- 
trical constants of the ground provided we are 
dealing with a steady state at some distance 
from the transmitter. 

2. 1п normal cases this E. M. F. is the cause 
of a current flowing in the aerial circuit. This 
current undoubtedly influences the transmitter 
but for practical purposes the reaction of receiver 
on the transmitter is negligible. It is therefore 
not necessary to use a high-resistance receiving 
circuit to keep the received antenna current 
small. 


3. In all cases we measure with a loop antenna 
the rate of change of the magnetic field of the 
waves. This magnetic field may be due to both 
ground waves and downcoming waves. The 
ground wave is calculated according to Sommer- 
feld's analysis while the downcoming wave 
produces a magnetic field which can be calcula- 
ted according to the laws of optical reflection 
from metals if the : 

a) angle of incidence, 

b) conductivity of the ground, 

c) dielectric constant of the ground, 

d) permeability of the ground, 
are known at the receiving station. 


It should clearly be understood that at the 


ground one must add the intensities of the down- _ 


coming ray and its reflected component together 
with that of the ground wave vectorially. 

It should further be understood that the above 
results are only valid when the loop is shielded 
from antenna-effect and its dimensions are small 
compared with the wave-length and the distance 
from the ground small compared with the wave- 
length. 


4. The valuable —À à was made to the 
sub-committee by Professor Nagaoka that it 
might be desirable to make observations on the 
same station at approximately the same dist- 
ance on land and on sea to see if there were 
marked differences due to the differences in the 
electrical constants of land and sea. 


Summary. The usual procedure of measuring 
signal intensities at the ground may be justified 


on theoretical grounds. The presence of the loop 
does not distort the field acting on the loop, 
though. it does distort the field acting on some 
circuit in the vicinity. The field acting on this 
third circuit may be regarded as the vectorial 
sum of that due to the incident waves together 
with the waves generated by the receiving loop. 


DEUXIÈME Sous-COMMISSION. 


SECOND SUB-COMMISSION. 


Terms of Reference : 1. To consider the desira- 
bility of making continuous automatic records 
of signal intensities received from commercial 
and other stations. 


2. To consider the types of special transmis- 
sions that are required for making signal mea- 
surements. 


3. To consider the Proposals of the French 
National Committee as outlined ‹ on paper A.G. 1. 
(Annexe 1, page 23). 


Decisions : a) That it is desirable to make 
automatic records of long wave commercial 
signals at a distance of 600 to 1 000 miles. Such 
measurements should be made using a loop 
antenna. If possible, however, additional infor- 
mation relating to the angle of incidence of the 
downcoming waves might be obtained by using 
antenna and loop systems alternately the change 
from one system to the other being made auto- 
matically. If it were possible further to take 
records on three loops (one in the maximum 
position and the other inclined symmetrically at 
angles of 45° to it) information about the polari- 
zation of the waves might be obtained. 


b) That it is desirable that records of tele- 
phony stations operating through the sunset 
period be made. These should be made : 

a) on the long wave band at a distance of 200 
—400 miles; 

b) on the medium wave band at a distance of 
50—100 miles. 

The examination of (2) and (8) was post- 
poned to the next meeting of Commission II as 
il was considered that these questions were best 
discussed when as many countries as possible 
were represented. 
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TROISIEME Sous-CoMMISSION. 


THIRD SuB-COMMISSION. 


Terms of Reference : To consider the propo- 
sals of the French National Committee contained 
in Document: 1928 A.G. 1. (Annexe 1, page 23). 


I. — It was agreed that the first proposition 
dealing with long wave transmissions was now 
covered by the proposals of sub-committee Il 
for the continuous recording of signal intensity, 
and that there was no need for further special 
measurements. 


П. — a) И was agreed to support the second 
proposition and to recommend the Commission 
to arrange for a series of measurements or obser- 
vations of signal intensity to be made on four 
transmitting stations to be received in as many 
countries as possible. 


b) It is recommended that wherever possible, 
actual measurements of signal intensity should 
be made, but failing this, estimates of the inten- 
sity may be made by an audibility method. It is 
desirable that a description of the apparatus 
employed at each observing station should be 
circulated among all the observers participating 
in this work. 


c) The transmitting stations provisionally 
selected for observations are : Arlington, Sche- 
nectady, Eindhoven (P C J J.), and a station in 
Japan. 


In the case of Arlington the time signals trans- 
mitted at 0300 and 1700 G.M.T. would be utili- 
sed and these times would fix the beginning of 
the period of observation. It is recommended 
that the respective authorities controlling the 
other three stations be approached to ascertain 
the possibility of provinding special transmis- 
sions of a duration of 15 minutes within the 


periods 0810 to 0410 and 1710 to 1810 G. M. T. 


d) The desired conditions of these transmis- 
sions are : 

1° The wave-length to be between 14 and 
40 metres. 

2° The transmitter should have a constant 
power output and work with a fixed antenna 
system during the period of one or more years 
which the observations are intended to cover. 


If it is necessary to alter the antenna system at 
any time; it is requested that advance informa- 
tion be given, so that a comparison test may be 
arranged between the old and new system. In 
any case it is asked that information of the 
dimensions, configuration, etc., of the antenna 
system may be supplied where possible. 


3^ The antenna current is to be recorded at 
every transmission. 


4° The transmissions for a duration of 15 mi- 
nutes, are to be given on one day of the wcek 
between Monday and Friday inclusive. 


e) At the receiving station it is recommended 
that measurements of the signal intensity of the 
four stations should be made on the day selected 
for the special transmissions, and that the inten- 
sity of the Arlington signals should be measurcd 
on as many other days as possible. 


11. — The third proposition was agreed to, 
viz.; that the tabulated results of the measure- 
ments should ће forwarded monthly to the 5е- 
cretary General for circulation among the mem- 
bers of the Union. 


IV. — It was agreed to support the fourth 
proposition requesting the publication of the 
results as soon as possible, for the use of other 
radio workers and of physicists occupied with 
the study of solar and terrestrial phenomena. 

The meeting of this sub-committee was atten- 
ded by ММ. Mesny, Nagaoka, Snyder, and Smith- 
Rose. 

+++ 


Rapport de la Commission III. 


Report of Cominission III. 


The Commission met on Wednesday 12th, and 
Friday 14 th, Sept. Thanks to the very complete 
preparatory discussions, presided over by M.Mes- 
ny at Washington, the Commission was able to 
proceed at once to the discussion of limited con- 
crete proposals. These were contained in two 
documents previously circulated, viz.; « Propo- 
sitions du Comité Francais de Radiotélégraphie 
Scientifique relativement à l'Etude des Atmo- 
sphériques (Annexe 2, page 26) », and a similar 
document from the British National Committee, 
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« International Programme of Observations on 
Atmospherics » (Annexe 3, page 28). 

The Commission adopted the French proposal 
for fixed hours of observation of atmospherics, 
the fixed hours being, for Central and Western 
Europe, 9 h., 15 h. and 23 h. G.C.T., for the 
rest of the world, 9 h., 15 h. and 23 h. zone tine, 
and also 28 h. G.M.T. f 

On the Second French proposal, for an abso- 
lute measure of the « activity » of atmospherics, 
a sub-committee was appointed to consider the 
details, the members being Messrs Bureau, Ken- 
nelly, van der Pol, and Watson Watt. 

At the second sitting of the Commission this 
sub-committee report was submitted by the 
Chairman, who said that he had invited Messrs 
Parkinson and Snyder to be present at its mec- 
ting.The following recommandations, presented 
by the sub-committee, were adopted by the 
Commission, viz.: 


a) That the general study of the distribution 
іп the radio spectrum of the energy of atmosphe- 
ric disturbance should be undertaken fortwith; 


b) That the quantity to be measured should be 
the mean field strength, expressed in microvolts 
per metre, of the atmospheric disturbance within 
specified frequency bands, the mean to be mea- 
sured over a period of time to be specified. The 
field strength should be referred to that electro- 
molive force of the mid-frequency of the fre- 
quency band, introduced from a local source 
into the antenna circuit, wich gives the same 
deflection of the ultimate recording instrument; 


c) That the apparatus used in all countries for 
this measurement should be rigoroisly inden- 
tical, and that the identical aerials used should 
be symetrical T-antennas of a single wire, 50 m. 
long and 20 m. high with a coupling resistance 


of 20 000 ohms; 


d) That the detailed design and specification 
of a recording apparatus to operate simultaneous 
on six frequency bands should be prepared by 
Messrs Snyder and Watson Watt; 

e) That the frequency bands first explored 
should lie between 1 000 kc. and 20 kc. but that 
the apparatus should be capable of operating on 
20 000 kc. and that recording in the higher fre- 


quency bands should be regarded as of extreme 
urgency; 

f) That a constant band width of 25 cycles is 
desirable throughout the installations; 


g) That the generous offer, conveyed by. 
M. Snyder, that the General Electric Company 
of America will provide, free of cost to the 
U.R.S.I. and its constituent National Commit- 
tees, the installations required for these measu- 
rements, should be accepted, and, that the 
thanks of the Commission for this undertaking 
should be recorded. 


The Commission charged the Sub-Commis- 
sion, consisting of Messrs Snyder and Watson 
Watt, with the additional duty of allocating and 
distributing the apparatus. 

The third French proposal comprised two 
portions, one dealing with recording, and one 
with aural reception. It was agreed that as the 
organisation of the subsidiary recording nel- 
works was one which did not essentially involve 
international standardisation, it should be left 
to National Committees to arrange for such work 
where possible. With regard to aural observa- 
tions, it was agreed that National Committees 
should be asked to invite radiotelegraphrc admi- 
nistrations, services and commercial companies 
to communicate to them logs of atmospheric 
disturbance, with special reference to the selec- 
ted « fixed hours », and to the time of sudden 
changes in the intensity or nature of the distur- 
bance. 

The fourth proposal, for the selection of fre- 
quency bands centred on 20, 65, 130, 4 000 and 
12 000 kc. was approved, with the addition of a 
band centred on 1 500 kc., but the sub-commis- 
sion was instructed to regard this specification 
as a general guide only, and to exercise their 
discretion in selecting bands free from traffic 
interference. 

The Commission accepted the fifth proposi- 
tion, envisaging the preparation of charts of 
isoploths and isochrones of atmospheric distur- 
bance, as indicating valuable methods of study. 

Passing to the British proposals, the Commis- 
sion found that items a, b, d, and d,, had been 
covered by the adoption of the French program- 
me, while d;, (relation with geophysical pheno- 
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mena) was approved in principle, without the 
discussion of details. Time did not permit of the 
discussion of c (classification), and а, (radio- 
goniometry of atmospherics). On the latter the 
Chairman remarked that the Navy Department 
of the United States of America was undertaking 
observations with the Cathode Ray Direction 
Finder. | 

The British proposal d, (use of broadcast 
matter as a time base for observations on atmo- 
spherics), was remitted to Commission IV, as 
being essentially a matter for cooperation with 
amateur and other observers. 

It will be seen that the main result of the Com- 
mission's work in the Brussels meeting has been 
the planning of the first international network 
for strictly quantitative recording of atmosphe- 
rics throughout the twenty-fours hours. The 
number of variables controlling the disturbance 
is so great, and the mechanism of disturbance 
so complex, that no general method for com- 
paring results from non-identical apparatus can 
yet be suggested. But it is at last possible, thanks 
to the very generous assistance promised by the 
G.E.C. of America, to ensue that a sufficient 
network of identical installations will be distri- 
buted throughout the world to provide a first 
general survey of disturbance in relation to 
place, time, and frequency. It is hoped that the 
individual units of this work will also serve to 
link together national networks operating, on 
a less open spatial scale, with less stringent and 
therefore less costly methods. 

The Commission asks, in general, for confir- 
mation by the General Assembly of its work, as 
reported in this summary, and in particular for 
a resolution offering the cordial thanks of the 
U.R.S.I. to the General Electric Company of 
America for their generous undertaking to pro- 
vide the costly apparatus required for the first 
international recording network here outlined. 

(s.) R. А. Watson WATT. 


ж ж ж 
Rapport де la Commission IV. 
Report of Commission IV. 
1. Étant données la complexité des phéno- 
menes de radiotransmission et de géophysique, 
de physique solaire et de météorologie, et la cor- 


rélation existant entre ces phénoménes, la colla- 
boration internationale entre les personnes qui 
s'occupent de ces sciences semble être absolu- 
ment nécessaire pour arriver à un progrès salis- 
faisant. 

C'est pourquoi les membres de la Commission 
sont d'avis que des observations simultanées des 
phénoménes se rapportant aux sciences ci-dessus 
indiquées seront de grande efficacité pour la 
solution des différents problémes, tant théori- 
ques que pratiques, à résoudre. 

La Commission IV exprime le vœu que le 
Secrétariat Général de notre Union puisse étudier 
les moyens les plus convenables pour réaliser ce 
programme et obtenir Та coopération des diffé- 
rentes organisations scientifiques internatio- 
nales. 

2. Pour le méme but, et pour permettre aux 
différents observateurs et en particulier aux ата- 
teurs de préter leur concours, on propose de 
publier des bulletins d'information annonçant 
d'avance soit les phénoménes ayant lieu à 
des époques bien déterminées, tels que les éclip- 
ses solaires, par exemple, soit les perturbations 
magnétiques, électriques ou météorologiques 
qu'on peut prévoir d'une maniére quelconque. 
Il serait désirable qu'on utilisit un code à étu- 
dier. 

En ce qui concerne les phénoménes se rap- 
portant plus particulièrement à la météorologie, 
la Commission IV, prenant en considération le 
plan déjà présenté l'année dernière à Washing- 
ton par M. Bureau et ayant trouvé pour la réali- 
sation de ce plan des difficultés en ce qui соп- 
cerne les transmissions des stations en Europe, 
propose que les émissions des Etats-Unis à Belle- 
vue et à Arlington puissent étre utilisées, et pro- 
pose aussi que des démarches en ce sens soient 
faites. 

Il est entendu que lorsque l'Institut Belge de 
Recherches Radioscientifiques sera dans les con- 
ditions voulues, on pourra faire les démarches 
afin que ses émissions soient utilisées en Eu- 
rope. | 

3. Pour ce qui se rapporte enfin à l'observa- 
tion et à la coordination de l'étude des parasites, 
cette question a été considérée d'une maniére 
particulière par la ПІ? Commission, aux conclu- 
sions de laquelle on peut se référer. La Commis- 
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sion IV, examinant la question au point de vue 
des appareils simples et peu coüteux dont les 
amateurs peuvent disposer, a examiné la mé- 
thode qui est maintenant en cours d'exécution 
au service métérorologique radio-atmosphérique 
italien, et propose la méthode de l'observation 
téléphonique des syllabes coupées pendant les 
émissions de radio-diffusion, méthode qui a déjà 
donné de bons résultats et qui a l'avantage de ne 


pas exiger des émissions particuliéres. 


VANNI. 
+ + + 


Rapport de la Commission V. 
Report of Commission V. 


Les travaux de la Commission V ont consisté 
en deux séances de discussions, le 12 et le 
14. septembre, et en la présentation de mémoires 
au cours des séances publiques du 18 septembre. 

Au cours des séances des 12 et 14 septembre, 
on a discuté le nom à donner à la Commission, 
et aprés quelques échanges de vues le nom de 
« Commission de Radiophysique » a paru pré- 
férable au nom de « Commission des Oscil- 
lations » qui avait été proposé à Washington. 
Nous avons l'honneur de présenter ce nom à 
l'approbation de l'Assemblée Générale. 

Le programme de la Commission a été discuté 
au cours de sa premiére séance. Il a semblé qu'il 
pouvait étre divisé en étude des systémes 
linéaires et non-linéaires; les premiers compre- 
nant les systèmes dont tous les éléments oscillent 
à une fréquence unique, qu'ils soient d'ailleurs 
de caractére mécanique ou électrique, tels que 
les filtres (électriques, mécaniques ou acous- 
tiques), les haut-parleurs, les résonateurs à 
cristal de quartz ou à magnéto-striction, etc., les 
seconds comprenant tous les systémes à transfor- 
mation de fréquence, tels que les détecteurs, 
modulateurs, multiplicateurs et démultiplica- 
teurs de fréquence, les générateurs alternatifs à 
source d'énergie continue, etc. 

La nomenclature, les définitions et les sym- 
boles relatifs à ces systémes paraissent entrer 
également dans le cadre de la Commission. Notre 
Président, le Général Ferrié, a fait connaitre 
que la Commission Electrofechnique Internatio- 
nale se proposait de consulter l'U. R. S. I. sur 
les questions de ce genre touchant la Radio 


et la V* Commission s'offre à préparer les 
réponses éventuelles à un pareil questionnaire. 


Àu cours de la seconde séance deux questions 
ont été amorcées : 1? la propagation d'un signal 
périodique dans un milieu dont les propriétés 
en tous points sont fonctions du temps, et 2° la 
relation entre la distribution du courant dans 
une antenne ouverte et la radiation de cette 
antenne. 

Sur la première question, MM. Kennelly, 
Mesny, Appleton, Le Corbeiller, Manneback et 
divers autres échangérent leurs observations. 

'étude de cette question parait devoir étre pro- 
fitable à partir des hypothéses suivantes : On 
admettrait que les coefficients ne varient que 
trés peu avec le temps autour de valeurs 
moyennes, les déviations étant d'ailleurs distri- 
buées irréguliérement au hasard suivant la loi 
de Gauss; le probléme serait divisé en deux, sui- 
vant que les variations du milieu sont longitu- 
dinales ou transversales par rapport au chemin 
parcouru, les deux hypothéses devant ensuite 
étre combinées. Il serait du reste important pour 
la pratique d'examiner aussi le cas où le signal, 
au lieu d'être périodique, comprendrait au début 
une période transitoire. 

Sur la seconde question nous avons entendu 
principalement un intéressant exposé de M. Man- 
neback. 

Le probléme se pose dans la pratique soit dans 
les antennes directives en dents de scie, soit 
dans tous les autres types d'antennes unifilaires 
ouvertes, de nouveau emplovées actuellement 
pour les ondes courtes. 

Au cours des séances publiques du 13 septem- 
bre, trois membres де la V^ Commission ont 
présenté des communications. 

J'ai d'abord exposé une nouvelle transforma- 
tion de la théorie des circuits dont j'ai fait une 
application à un appareil à intensité constante 
et phase variable permettant de vérifier une 
théorie bien connue due à Helmholtz et Ray- 
leigh. 

M. Le Corbeiller a indiqué l'origine des 
termes gyroscopiques dans les équations du 
téléphone et du haut-parleur et a indiqué une 
généralisation relative aux appareils électromé- 
caniques monophasés oscillants ou rotatifs. 

M. Salomon a indiqué l'analogie entre Ја 
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rotation propre d'un gyroscope et un champ 
magnétique et donné des équivalences gyrosco- 
piques des machines éleciriques synchrones, 
asynchrones et continues. 

Plusieurs autres sujets d'un trés grand intérét 
auraient dů être exposés par certains membres 
qui en ont été empèchés par le temps trop court 
mis à notre disposition. Nous espérons que d'ici 
à la prochaine réunion un ensemble de travaux 
pourra étre préparé qui mettra en relief l'am- 
pleur et l'intérêt théorique et pratique du pro- 
gramme де la У“ Commission. 


(s.) D” BALTH. VAN DER Por 


жж ж 


Les propositions présentées par les diverses 
Commissions sont approuvées par l'Assemblée 
Générale. Sur la proposition du Président, des 
remerciements sont adressés à la General Elec- 
tric C° pour son offre de mettre des appareils 
à la disposition de FU. А. 5. I. 


M. le Président se fait ensuite l'interprète de 
l'Assemblée Générale pour remercier les Pré- 
sidents et Membres des Commissions de l'excel- 
lent travail effectué. 

Les Comités Nationaux doivent, ajoute-t-il, 
désigner eux-mémes les membres des diffé- 
rentes Commissions. Nous ne pouvons pas 
constituer ces Commissions ici, tous les pays 
n'étant pas représentés. 

Le Secrétariat Général se mettra en rapport 
avec les Comités Nationaux pour constituer les 
Commissions; il en publiera ensuite la liste 
complète. | 

Un certain nombre de Présidents de Coin- 
missions ont exprimé је désir d'être remplacés 
et en particulier MM. Abraham, Eccles et Vanni. 

Nous vous proposons donc les nominations 
suivantes : 


Commission I Dr. Dve. 


» IT Dr. Austin. 

» III : Prof™ Appleton. 
» IV : Prof Kennelly. 
» V : Dr. van der Pol. 


Ces propositions sont adoptées. 


3° Fixation de la date et du lieu 
de la prochaine Assemblée Générale. 


Prof De Donder. — M. De Bast, Directeur de 
l'Institut Électrotechnique Montefiore à Liége, 
a eu l'heureuse idée de suggérer le choix de la 
ville de Liége comme lieu de notre prochaine 
réunion en 1930. 

Liége est en quelque sorte la capitale indus- 
trielle de la Belgique et, d'autre part, dans cette 
ville se tiendra en 1980 une Exposition inter- 
nationale des industries mécaniques et autres. 

M. De Bast a déjà pressenti M. le Général 
Ferrié à ce sujet, et je dois ajouter que le Secré- 
tariat Général et le Comité National Belge sont 
enthousiastes de cette proposition. 

De plus vous verrez comment la Belgique 
célébrera le centenaire de notre indépendance. 

En 1930 également, se tiendra à Anvers une 
Exposition commerciale, maritime et d'art fla- 
mand; il est entendu que des excursions seront 
organisées pour visiter l'Exposition d'Anvers et 
vous permettre d'apprécier la Belgique entière 
et sentir battre en même temps le cœur de la 
Wallonnie et le cœur de la Flandre. 


M. le Président. — Messieurs, la question de 
notre prochaine réunion se divise en deux par- 
ties. D'abord la date, M. De Donder propose 
1930. Il s'agit de décider si nous désirons nous 
réunir tous les ans ou tous les deux ans. Nous 
pensons qu'un intervalle de deux ans est con- 
venable. Personne n'a-t-il d'objection à pré- 
senter? 


Dr. Rayner. — The British Committee thinks 
that Sessions ought not to be more frequent 
than once every two усагз. | 


M. le Président. — Personne пе faisant d'ob- 
jection,la première proposition de M. De Donder 
de зе réunir dans deux ans est acceptée. 

heste à décider si nous nous réunirons à 
Liége à l'occasion de l'Exposition. 


DT Rayner. — I did not know Prof” De Donder 
had such an interesting proposal. After a con- 
versation with some of our members we decided 
to suggest Holland for our next meeting. 


D* Van der Pol. — The Dutch National Com- 
mittee would be very much honoured by 
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receiving the U. R. 5. l. in Holland in 1980. But 
we do not expect in 1930 in Holland such festi- 
vities as those that are to take place in Belgium. 
| think the question must be decided by the 


• 


General Session. 


M. le Président. — Nous acceptons donc l'in- 
vitation de M. le Prof" De Donder, étant entendu 
que pour la réunion suivante nous donnerons 
la préférence à la proposition britannique de 
nous réunir en Hollande en 1932. 


П" Van der Pol. — As Holland is near Liege 
I propose to organise a trip to ПоПапа where 
the U. R. S. I. might be received by the Dutch 
National Committee. 


DT Rayner. — I quite agree. 


Prof' De Donder. — Је remercie la délégation 
hollandaise de son amabilité. La Belgique a 
gardé maint bon souvenir de son ancienne 
union avec la Hollande, et le projet qu'elle pré- 
sente est de nature à souligner les relations 
ainicales et fructueuses qui existent entre nos 
deux pays. 


до Election du Bureau. 


M. le Président. — Nous avons à procéder 
maintenant à l'élection du Bureau, que les sta- 
tuts de l'Union obligent à se retirer. Je demande 
la permission de vous dire que je désire étre 
remplacé et je propose de nommer à ma place 
M. le Prof' Austin. Les Vice-Présidents sont dans 
le méme cas et je demande à l'Assemblée Géné- 
rale si elle a une proposition ou une observation 
à présenter à ce sujet. 


Prof' Austin. — The wish of the Executive 
Committee was that all the members of the 
Board should be reelected for a new period and 
that a fifth Vice Presidency should be offered 
to Prof' Nagaoka. 1 propose that suggestion of 
(ће Executive Committee to be adopted by the 
General Assembly. 


M. le Président. — Le Bureau tout entier, par 
nia voix, vous remercie profondément de l'hon- 
neur que vous lui faites en le maintenant en 
fonctions et il s'efforcera de mériter votre bien- 
veillance dans l'avenir. 

Le Secrétaire Général doit aussi étre soumis 


à réélection, mais le Comité Exécutif a décidé 
qu'il devait rester éternellement en fonctions et 
propose de nommer M^ R. Goldschmidt Secré- 
taire Perpétuel. 


M. le Secrétaire Général. — Je ne désire pas 
que le mot « perpélue! » me soit appliqué. Il 
signifie immuable, le mouvement perpétuel est 
en contradiction avec la science. Je désire donc 
être soumis à réélection chaque fois. 


M. le Président. —- Je vous propose donc de 
réclire cette fois-ci notre Secrétaire Général. 

Je propose qu'il soit décidé que les Présidents 
des Commissions assistent aux réunions du 
Comité Exécutif; il est indispensable qu'ils 
donnent leur avis sur les différentes questions 
soumises à l'approbation du Comité Exécutif. 


Je remercie d'abord le Comité National Belge 
de toutes les amabilités qu'il a eues pour nous 
et de toutes les attentions dont nous avons été 
entourés pendant notre séjour et auxquelles 
nous avons tous été extrêmement sensibles. 


Je remercie particulitrement M. le Prof" 
De Donder, qui honore son pays et la science du 
monde entier et qui a bien voulu nous donner 
beaucoup de son temps trés précieux. Nous n'ou- 
blierons pas le travail remarquable qu'il a 
fourni ni la part qu'il a prise aux discussions 
auxquelles il a assisté, ainsi que tous les aperçus 
profonds qu'il nous a suggérés, et je suis certai- 
nement l'interpréte de tous en le remerciant 
chaleureusenient ainsi que toute la délégalion 
belge. 

Je désire aussi remercier une fois de plus 
notre Secrétaire Général; mais ne devons-nous 
pas le remercier toujours, lui dont nous avons 
toujours besoin, ainsi que tous ses collabora- 
teurs du Secrétariat Général qui tous se dé- 
vouent : MM. Paul Goldschmidt et Homés ainsi 
que ces demoiselles. 


M. le Secrétaire Général. — Je désire égale- 
ment que nous adressions des remerciements à 
M. Le Corbeillier ainsi quà MM. de Vaucleroy, 
le Capitaine Herbavs et l'Ingénieur Revol pour 
leur collaboration. 


Prof' De Donder. — ^ peine cinq jours se 
sont écoulés depuis notre première réunion. Les 
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travaux auxquels nous avons participé ont créé 
entre nos esprits et nos cœurs de nouveaux liens; 
pour vaincre les difficultés, nous avons vibré à 
l'unisson. Jamais je n'ai eu une impression de 
joie profonde, comme celle que j'ai ressentie 
pendant ce Congrès. П y a eu vraiment une 
émulation splendide de la part de tous. On 
voyait la joie rayonner sur tous les visages quand 
l'un ou l'autre collègue annonçait une nouvelle 
vérité, une nouvelle découverte relative à ce 
vaste monde qui s'appelle la Radio. | 

Il est bien certain que cela est dû en grande 
partie à la facon gracieuse et toute francaise 
dont notre Président, M. le Général Ferrié, a 
conduit nos différentes discussions. Aussi je 


vous convie à pousser un hourrah en l'honneur 
de notre admirable Président. 


Je vous remercie vivement des sentiments de 
sympathie que vous avez exprimés au Comité 
National Belge; je suis particuliérement sensible 
aux marques de confiance et d'amitié que vous 
avez bien voulu me donner. 


M. le Président. — Je remercie M. le Prof 
De Donder pour ses trés aimables paroles. 

Messieurs, l'Assemblée Générale де lU. К. S. I. 
se termine et je crois que nous pouvons étre 
satisfaits de notre travail. 


La séance est levée à 12 h. 40. 


ANNEXES 


Document : 1998. А. G. 1 


ANNEXE 1. 


Propositions du Comité Français de Radiotélé- 
graphie Scientifique pour l'organisation d'une 
étude d'ensemble sur les phénomènes de 
propagation des Ondes. 


Le fait qu'il existe une relation entre l'activité 
solaire et la propagation des ondes est aujour- 
d'hui trés probable. Néanmoins, il semble bien 
que des recherches de longue durée soient 
encore nécessaires pour mettre en évidence 
d'une facon indiscutable l'existence de cette 
relation et par conséquent pour chercher à en 
déterminer les causes. Les raisons qui ont con- 
duit le Comité Francais à cette conclusion sont 
exposées dans une note annexe rédigée par 
M. MaunaiN, directeur de l'Institut de Physique 
du Globe et doyen de la Faculté des Sciences de 
l'Université de Paris (voir page 24). 

Ces recherches de longue durée auxquelles 
nous venons de faire allusion doivent évidem- 
ment étre conduites suivant les procédés qui ont 
si bien réussi aux astrophysiciens et aux géo- 
physiciens pour mettre en évidence les corré- 
lations qui existent entre les phénoménes 
solaires et certains phénoménes terrestres. 

Ceux-ci ont accumulé pendant de longues 
années de nombreux résultats d'observations 
faites sans aucune prétention de discussion 
immédiate. Ces résultats ont été publiés inté- 
gralement et se sont trouvés ainsi au moment 
voulu à la disposition de tous ceux qui ont 
entrepris de les interpréter. 

Telles sont les considérations qui ont amené 
le Comité Français de Radiotélégraphie Scienti- 
fique à proposer le programme de travail 
ci-dessous. Il demande que cette proposition soit 
soumise à l'examen de la Commission de propa- 


gation de ТО. К. 5.1. et exprime le désir que 


cette Commission prenne une décision ferme 
soit en approuvant le projet d'organisation de 
travail plus ou moins amendé qui lui est pré- 
senté, soit en lui substituant tout autre pro- 
gramme qu'elle aurait jugé préférable, pourvu 
que ce programme soit établi d'une façon assez 
précise pour permettre aux divers Comités 
Nationaux d'entreprendre sa réalisation immé- 
diate. 

Le Comité Français insiste beaucoup sur ce 
point que, quel que soit le mode de travail 
adopté, il ne pourrait étre fructueux que s'il 
s'inspire des idées énoncées ci-dessus. 


1" proposition. — Ondes longues. — Une 
station de mesures par État adhérent à l'U. R. S.I. 
cffectuerait quatre fois par jour, à des heures 
fixées, des mesures de champ en utilisant le 
trafic commercial des postes relativement voi- 
sins et de postes transatlantiques. 

Comme postes européens, le Comité Francais 
propose ceux de Bordeaux, Leafield et Nauen. Il 
demande au Comité des État-Unis d'indiquer les 
postes américains sur lesquels il conviendrait 
d'exécuter des mesures. | 

I] propose que ces mesures soient effectuées 
à 0, 6, 11, 18 et 28 heures Greenwich. 

La justification de ce choix d'heures sera 
donnée plus loin. 


2 proposition. — Ondes courtes. — Dans la 
mesure oü l'état actuel de la technique le per- 
met, des mesures ou tout au moins des appré- 
ciations de la mesure du champ seraient faites 
sur des émissions d'ondes courtes dans une 
station de mesure par État adhérent à l'U. R. S.T. 

П propose que les stations de mesure euro- 
péennes effectuent leurs opérations sur les 
signaux horaires émis à 3 heures et 17 heures 
Greenwich, sur trois fréquences différentes, 
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pour le poste d'Arlington et sur le bulletin 
météorologique émis sur les mémes fréquences 
par le méme poste. 

П demande au Comité Hollandais s'il ne serait 
pas possible de faire émettre des signaux spé- 
ciaux à l'usage des stations de mesures améri- 
caines, par le poste hollandais de radio-diffusion 
sur ondes courtes. 


3° proposition. — Les résultats de toutes ces 
mesures seraient communiqués mensuellement 
au Secrétariat Général de l'Union dans les 
mêmes conditions où le sont actuellement les 
résultats des mesures effectufs en France, à 
Meudon et aux Etats-Unis par le laboratoire de 
radiotélégraphie du Bureau of Standards. 


4° proposition. — Le Secretariat Général serait 
invité à examiner les conditions dans lesquelles 
pourrait être assurée la publication de ces 
résultats en tenant compte de ce fait que cette 
publication doit atteindre non seulement les 
radiotélégraphistes, mais tous les physiciens 
s'occupant de l'étude des relations entre les 
phénomènes solaires et terrestres. 


Remarque. — Il a été prévu seulement une 
station de mesures par État. Il est certain qu'étant 
donné le développement du territoire des États- 
Unis, un plus grand nombre de stations serait 
nécessaire. 


JUSTIFICATION DES PROPOSITIONS. 


1 proposition. — Choix des heures. — П 
élait impossible d'envisager une étude continue 
ei automatique des phénomènes de propagation, 
comme cela se fait pour d'autres phénomènes, 
par exemple, pour le magnétisme terrestre, pour 
l'étude duquel des enregistrements continus 
sont effectués dans certains  observatoires. 
D'autre part, on s'est rendu compte que l'exé- 
culion de mesures trop fréquentes entrainerait 
des difficultés matérielles qui les rendraient 
irréalisables. 

C'est ce qui a conduit à limiter à quatre les 
périodes journalières de mesures. 

Les heures indiquées ont été choisies par ce 
fait que dans chaque pays, par suite des varia- 
tions des saisons, un cerlain nombre de mesures 
se trouveront exécutées tantôt avant, tantôt 
après le lever ou le coucher du soleil. 


2" proposition. — Поа semblé au Comité 
Français qu'il n'était pas possible d'exécuter des 
mesures sur le trafic commercial des postes à 
ondes courtes, soit à cause de l'irrégularité des 
transmissions, soit parce que ceux-ci sont sou- 
vent amenés à modifier inopinément leur lon- 
gueur d'onde pour mieux assurer leurs commu- 
nications. 

D'autre part, ces postes sont souvent munis de 
dispositifs réflecteurs qui peuvent modifier les 
phénoménes de propagation. 

П est bien entendu que le programme d'études 
générales proposé par le Comité Francais est 
absolument indépendant des études spéciales 
que poursuivent certains expérimentateurs 
mesure de la hauteur apparente de la couche 
Heaviside, recherches sur la polarisation des 
ondes, etc. 

Le Comité Français estime que ces études sont 
du plus haut intérét, qu'il y a lieu d'adresser des 
félicitations à ceux qui les ont entreprises et 
exprime son désir de voir un nombre plus grand 
d'expérimentateurs s'attaquer à ces questions. 


+ + & 


Note sur la recherehe de relations entre la 
propagation des ondes éleetromagnétiques et 
d'autres phénomènes terrestres ou solaires. 


par M. C. MAURAIN, 
de l'Université de Paris, 
Directeur de l'Institut de Physique du Globe. 


Les particularités extrémement curieuses de 
la propagation des ondes électromagnétiques ont 
provoqué de nombreuses recherches. En parti- 
culier, on a cherché à établir des relations entre 
ces particularités ct d'autres phénomènes, tels 
que le magnétisme terrestre, l'électricité atmo- 
sphérique, la météorologie et l'activité solaire. 
Ces derniers travaux sont trés intéressanis parce 
qu'on peul en attendre des indications sur les 
causes des particularités de la propagation des 
ondes électromagnétiques. 

Pour étudier des relations de ce genre, deux 
méthodes se présentent en principe : l'une con- 
siste à noter des coincidences entre les particu- 
larités remarquables des deux phénomènes à 
comparer, l'autre à faire des études statistiques 
portant sur un intervalle de temps aussi grand 
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que possible, de maniére à éliminer l'irrégula- 
rité des deux phénomènes. Dans cette dernière 
méthode, on doit prendre pour chaque phéno- 
тепе toutes les observations de méme genre, à 
moins qu'on n'ait des raisons plausibles d'écarter 
une ou plusieurs catégories bien déterminées, ou 
de les séparer des autres. 

La méthode des coincidences nécessite une 
critique serrée; en effet, deux phénomènes quel- 
conques présentant l'un et l'autre des irrégula- 
rités continuelles (comme c'est le cas pour ceux 
qui ont été indiqués ci-dessus) peuvent donner 
lieu fortuitement à des coïncidences, méme s'ils 
n'ont aucun lien entre eux; par exemple, des 
maximums зе présenteront en méme temps, ou 
des variations rapides, etc. Il faut des coinci- 
dences bien circonstanciées et nombreuses pour 
qu'on puisse conclure à une relation entre les 
deux phénoménes. Inversement, deux phéno- 
ménes peuvent étre en relation sans que des 
coincidences apparaissent bien nettement entre 
leurs particularités. 

Considérons, par exemple, les perturbations 
magnétiques et l'activité solaire. Une étude sta- 
tistique portant sur un grand nombre d'années 
manifeste unc relation trés nette entre l'agi- 
tation magnétique et l’activité des taches 
solaires; les perturbations magnétiques sont plus 
nombreuses aux époques de maximum d'activité 
des taches qu'aux époques de minimum. Mais si 
l'on cherche dans le détail une correspondance 
entre les taches et les perturbations, le résultat 
est trés souvent peu satisfaisant. Il y a fréquem- 
ment des taches solaires non accompagnées de 
perturbations magnétiques, et inversement des 
perturbations magnétiques en l'absence de 
taches. Dans une étude portant sur quarante 
et une années d'observations ()), j'ai noté un 
grand nombre de perturbations magnétiques 
qui se sont produites, alors qu'il n'y avait eu sur 
le soleil aucune tache, non seulement le jour de 
la perturbation magnétique, mais aussi plu- 
sieurs jours auparavant et plusieurs jours après. 
En somme, le caractère de la relation existant 
entre les taches solaires et les perturbations 
magnétiques n'apparait que dans une étude sta- 
tistique portant sur un nombre d'années assez 


(1) Annales de Ulnstilut de Physique du Globe, t. V, 1927, 
pp. 86-109. 


grand par rapport à la période des taches 
solaires, qui est d'un peu plus de onze ans. 


Prenons un autre exemple : Le champ élec- 
trique de l'atmosphére présente des variations 
continuelles, souvent de trés grande amplitude, 
avec parfois changement de signe. Je ne crois 
pas qu'on ait signalé de coincidences entre les 
perturbations de ce сћатр électrique des taches 
solaires. Mais L.-A. Bauer a déduit en 1924 
d'une étude statistique portant sur diverses 
séries de mesures du champ, séries encore peu 
nombreuses et peu étendues, que la moyenne 
annuelle du champ est plus grande aux époques 
de maximum d'activité des taches qu'aux 
périodes de minimum (d'environ 20 %), et les 
quelques années d'observations nouvelles qu'on 
a depuis semblent confirmer cette conclusion. 
On a là, l'exemple d'un phénomène dont la 
variabilité est trés grande et due probablement 
à des causes trés diverses (en particulier aux 
circonstances météorologiques locales) et où 
seule une étude statistique assez prolongée a 
manifesté une relation avec les taches solaires. 


Or, les particularités de la propagation des 
ondes électromagnétiques se présentent comme 
extrêmement variables. On constate dans la 
direction apparente et dans l'intensité de la 
réception des variations continuelles, dans 
lesquelles les circonstances locales jouent un 
certain rôle. De plus, les phénomènes sont très 
différents pour les ondes de longueurs dif- 
férentes. Il semble donc que, dans la recher- 
che des relations entre les particularités et 
d'autres phénomènes, il convient de procéder 
avec méthode et de faire des études statistiques 
portant sur de longues périodes. Recevant en 
une station des ondes de longueur d'onde déter- 
minée, on devra utiliser des observations pro- 
longées d'un genre bien défini, d’intensité par 
exemple, et en déduire la variation diurne 
moyenne, la variation annuelle et la variation 
de la movenne annuelle au cours des années 
successives. П faut s'attendre à ne bien con- 
naître les variations annuelles que si l'on dispose 
de plusieurs années d'observations, et à ne bien 
connaître la relation avec l'activité solaire 
qu'après un cycle de onze ans, et même après 
plusieurs cycles. 


Il se présente d'ailleurs dans l'étude de la pro- 
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pagation des ondes électromagnétiques une cir- 
constance assez défavorable par rapport à celles 
qui existent généralement. La plupart des élé- 
ments naturels, température. pression, vent, 
champ électrique, éléments magnétiques, etc., 
sont enregistrés de maniére constante; on a 
ainsi tous les matériaux nécessaires pour une 
étude statistique numérique. Au contraire, les 
émissions d'ondes électromagnétiques utilisées 
sont généralement limitées à des durées pério- 
diques courtes et peu fréquentes. П serait dési- 
rable de disposer d'émissions constantes et 
d'appareils récepteurs enregistreurs avec : pro- 
priétés sélectives. Des organisations de ce genre 
seraient précieuses pour l'étude de la propaga- 
tion des ondes électromagnétiques, et elles 
seront sans doute nécessaires pour une appli- 
cation pratique de ces ondes à l'étude constante 
de l'atmosphére, application dont on peut 
espérer dans l'avenir un grand développement. 


Document : 1928. А. G. 2. 


ANNEXE 2. 


Propositions du Comité Francais de Radiotélé- 
graphie Scientifique relativement à l'étude 
des Atmosphériques. 


1” proposition. — Les stations travaillant 
sous les auspices de PU. R. S. I. et assurant d'une 
manière régulière la mesure ou méme l'obser- 
vation des atmosphériques devront le faire à des 
heures déterminées du temps local. 

Le Comité Francais propose pour ces heures 
d'observation 9, 15 et 283 heures du temps local. 
Pour l'Europe centrale et l'Europe occidentale, 
par exemple, on pourrait adopter 9, 15 et 
23 heures du temps moyen de Greenwich. 

On demande, en outre, que dans le monde 
entier des observations soient faites en tous cas 
à 23 heures Greenwich. 


2^ proposition. — Le Comité Francais de- 
mande que chaque pays étudie le moyen de réa- 
dans une stalion ап moins la mesure 
absolue de l'activité des atmosphériques (7). 


liser 


(1) Cette activité pourrait étre définie comme il suit: Le 
courant produit par les atmosphériques dans l'appareil 
récepteur serait rectifié et chargerait un condensateur Shunté 
par une résistance (méthode de Curtiss). On évaluerait је 
courant traversant cette résistance. On réaliserait ensuite le 


les mesures devraient étre effectuées avec un 
dispositif récepteur muni de filtres tels que la 
bande de fréquence susceptible de l'actionner 
ait une largeur correspondant à 500 cycles par 
seconde. 

Au cas où la pratique obligerait à choisir une 
autre largeur pour la bande de fréquence, la 
valeur mesurée serait ramenée à la bande de 
200 cycles par seconde. П serait toutefois néces- 
saire de s'assurer par des expériences préalables 
que l'énergie recueillie à travers les filtres et 
provenant des atmosphériques est bien propor- 
tionnelle à la largeur de la bande de fréquence 
à travers laquelle on les reçoit. 


3* proposition. — П serait désirable que 
chaque pays, outre la station spécialement équi- 
pée pour la mesure absolue de l'activité des 
atmosphériques, assure un enregistrement con- 
tinu qualitatif de l'activité des atmosphériques 
dans un certain nombre de stations (1 par 
100000 km’). Cet enregistrement pourrait 
encore se faire en utilisant la méthode de 
Curtiss. Mais il nécessiterait des installations 
moins dispendieuses que la mesure en valeur 
absolue de l'activité. 

Pour compléter ces enregistrements, on pour- 
rait utiliser dans chaque pays un certain nombre 
de postes récepteurs assurant un trafic régulier 
en leur demandant de noter heure par heure 
l'intensité et la fréquence des atmosphériques. 
On pourrait ainsi tracer pour chacun d'eux et 
pour tous les jours de l’année des courbes qui 
permettraient de déterminer approximativement 
la variation diurne. Ces courbes pourraient étre 
complétées par des indications relatives aux 
génes causées au trafic par les atmosphériques. 


4° proposition. — Les mesures et enregistre- 
ments seraient faits aux environs des fréquences 
suivantes : 130, 65 et 20 kilocycles par seconde 
pour les ondes longues, 4000 et 12000 Kc/S 
pour les ondes courtes. 

Dans le cas oü il ne serait possible d'assurer 
l'étude (mesures et enregistrements) des almo- 
sphériques que sur une seule fréquence, les ob- 


méme courant en faisant agir sur le dispositif récepteur un 
émetteur auxiliaire. Le champ produit par l'émetteur à 
l'endroit оп se trouve le récepteur (évalué en microvolts par 
metre) serait considéré comme égal au champ moven pro- 
druit par les atmosphériques. 
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servations seraient faites uniquement sur la fré- 
quence de 130 Kc/S. De méme s'il n'était 
possible d'assurer des mesures absolues que sur 
une seule fréquence, ces mesures absolues 
seraient aussi effectuées sur la fréquence de 
180 Kc/S, et s'il n'était possible de les assurer 
que sur deux fréquences, on choisirait 130 Kc/S 


et 12 000 Kc/S. 


5* proposition. —- Le Comité Francais propose 
qu'en vue d'apporter des documents nouveaux 
sur la portée des atmosphériques, il soit recom- 
mandé de diriger d'une facon générale les obser- 
vations de telle manière qu'elles aboutissent à 
des tracés sur carte, même rudimentaires, de 
courbes d'égale intensité des atmosphériques et 
au tracé de cartes d'isochrones des variations 
rapides et importantes de l'activité des atmo- 
sphériques. 


JUSTIFICATION DES PROPOSITIONS CI-DESSUS. 


1" proposition. — L'heure locale à laquelle est 
faite l'observation des atmosphériques n'est pas 
indifférente; les heures que nous avons choisies 
dans notre proposition sont destinées à mettre 
en évidence chacune des trois catégories d'atmo- 
sphériques auxquelles on aboutit quand on 
classe ceux-ci d'aprés leur variation diurne. 

A 9 heures, l'influence des atmosphériques 
nocturnes a toujours disparu, mais celle des 
atmosphériques d'aprés-midi (atmosphériques 
stagnants) ne s'est pas encore fait sentir. Une 
observation faite à 9 heures metira presque 
uniquement en évidence les atmosphériques 
migrateurs. 

15 heures est l'heure du maximum des atmo- 
sphériques stagnants : une observation faite à ce 
moment les mettra donc en évidence. 

L'observation de 28 heures mettra en évidence 
les atmosphériques nocturnes. 

П n'y a pas d'inconvénient à adopter les 
heures du temps moyen de Greenwich pour 
l'Europe occidentale et pour l'Europe centrale. 
Par contre, sous les autres méridiens il faudra 
choisir des heures voisines de 9, 15 et 23 heures 
du temps local (et qui pourront en principe étre 
les mémes sur 30 degrés de longitude). 

Enfin, une observation assurée dans le monde 
entier à 28 heures, temps moven de Greenwich, 


fournira des renseignements utiles pour l'étude 
de la portée des atmosphériques nocturnes. 


2 proposition. -— La mesure en valeur abso- 
lue de l'activité des atmosphériques nécessite un 
appareillage beaucoup trop onéreux et beaucoup 
(тор complexe pour qu'on puisse la demander 
à un grand nombre de stations. 

Aussi doit-on se contenter d'un nombre 
restreint de ces mesures; d'autre part, la question 
de la mesure des atmosphériques est plus com- 
plexe que la question de mesure d'un champ, 
puisque, d'une part, il faut adopter une défi- 
nition plus ou moins arbitraire pour définir ce 
qu'on entend par le champ provoqué par les 
atmosphériques et, d'autre part, il faut tenir 
compte également de la largeur de la bande sur 
laquelle on reçoit. 


3° proposition. — L'enregistrement continu 
ne laisse échapper aucun phénoméne méme pas- 
sager. Il permet la comparaison avec les phéno- 
mènes météorologiques et il permet d'appliquer 
aux atmosphériques Ia méthode d'analyse détail- 
lée de cas particuliers (diagnose) qui est à la 
base de toutes les études météorologiques 
modernes. Enfin l'enregistrement continu nous 
donne immédiatement des renseignements sur 
la variation diurne (’). 

Bien que trés rudimentaire, la méthode qui 
consiste à demander à un poste récepteur assu- 
rant un trafic régulier de tracer directement des 
courbes de variation des atmosphériques est 
susceptible de fournir une premiére approxi- 
mation. 

En effet, il ne faut pas oublier que la varia- 
bilité du phénoméne est telle qu'elle dépasse 
souvent de beaucoup les variations que peuvent 
introduire dans les observations les instruments 
et les observateurs. 

La méthode directe pourra déjà nous rensei- 
gner sur les périodes d'atmosphériques violents, 
sur les instants où elles commencent et où elles 
finissent; ce sera déjà un point trés important. 


4° proposition. — Bien que les propriétés de 
la résonance influent fortement sur la quantité 


(1) Ici, il suffira d'avoir des appareils dont on peut véri 
fier et maintenir la constance. Ils fourniront donc seulement 
des valeurs relatives. Ils pourront donc être moins onéreux 
à établir que les appareils de mesure en valeur absolue. 
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d'électricité formée par les atmosphériques, il 
est certain que les atmosphériques présentent 
déjà par eux-mémes des variations le long de la 
gamme des fréquences, c'est pourquoi nous pro- 
posons que les mesures soient toutes faites, 
autant que possible, sur les mémes fréquences 
et que l'on choisisse trois fréquences basses, 
deux fréquences élevées. 

Il arrivera souvent que, pour des raisons 
d'économie, on ne pourra assurer à la fois les 
mesures sur les cinq fréquences proposées. Il en 
sera à fortiori de méme pour les enregistrements. 
Il importe que toutes les stations qui ne tra- 
vaillent que sur une fréquence travaillent toutes 
sur la méme. C'est pourquoi une [fréquence à 
choisir de préférence est indiquée dans les ondes 
longues et une autre dans les ondes courtes. 


5° proposition. — Il importe d'arriver à sépa- 
rer dans Faction totale observée l'action des 
atmosphériques lointains de celle des atmo- 
sphériques locaux. 

Il est évident, en effet, que si la grande 
majorité des atmosphériques, à un moment 
donné, émane d'un centre lointain, les courbes 
d'égale activité seront disposées concentrique- 
ment autour du point d'origine. Ce point devra 
être tout aussi bien révélé par ces courbes que 
par les expériences radiogoniométriques. 

D'autre part, si la cause des modifications 
rapides observées dans la variation diurne est 
une cause lointaine (plusieurs milliers de kilo- 
mètres), les heures où sont observées ces modi- 
fications rapides pourront étre les mémes dans 
toutes les régions affectées par cette cause 
lointaine. 


— — — M —— 


ANNEXE 8. 


International programine 
of observations on atmospherics. 


In the course of a full discussion on the 
present position of research on atmospherics, 
Captain R. Bureau, France, and Mr. R. A. 
Watson Wall, Great Britain, agreed that it 
would be of value to draft, for presentation to 
their respective National Committees, а pro- 


(1) Cf. DE Brrrrcizzr, Onde électrique, novembre et. décem- 
bre 1927. 


gramme for international observations which 
they could both support, in the hope that the 
two National Committees could also support the 
proposals at the meeting of the International 
Union. The draft proposals are as undernoted, 
viz : 

a) Atmospheric observations to be made at 
fixed hours daily, these hours being 9, 15 and 
28 G. M. T. for Western and Central Europe, 
9, 15 and 23 Zone time for the rest of the world, 
and 23 G. M. T. for the whole world. 


b) Records of absolute equivalent field 
strength on one specified wave band to be made 
continuously at one station per country by a 
method using the Curtiss integrating circuit. 


c) That an international classification of 
atmospherics be attempted, and that the nature 
of the individual atmospheric in each category 
should be investigated by oscillographic means. 


d) That organised experiments on effective 
range should be arranged and that the following 
alternative methods should be considered. 


1. Drawing of isoparasitic curves for selected 
OCCASIONS. 


9. Determination of isochrones of incidence 


or disappearance of special types, as, for 
cxample, of the characteristic night atmo- 
spherics. 


3. Radio goniometric methods. 
4. Use of broadcast matter as time base. 


5. That the relation of atmospheric distur- 
bance with other geophysical phenomena should 
be discussed. 


While both parties agree to the programme 
thus expressed in general terms, it is clear that 
a detailed specification is necessary before the 
programme can be carried out, and that dis- 
agreement on details is not improbable. The 
following specification is suggested as likely to 
represent the British point of view, viz : 

a) The nature of the observations to be made 
at the « fixed hours » must be specified. It is 
proposed that these should be of the type 
referred to as Q. 1. 0. 2, and 0. 3 in the British 
programme discussed at Washington. The 
observations of type Q. ТА could only be made 
at these hours if an ad hoc broadcast transmitter 
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were available; this might be attainable in the 
case of short waves. 


b) It is suggested that the most strictly quan- 
titalive circuit conveniently applicable is the 
narrow-band recorder designed at the Radio 
Research Station, and that а 25-сусје band 
centred at 14 ke. would be found suitable for 
this proposal. 

c) No suggestions for classification are 
offered, but attention is called to the classifi- 
cation of wave forms adopted at the Radio 
Research Station. 


1. The only acceptable basis for this proposal 


would appear to be the use of records from (b). 


2. Captain Bureau relies on aural observation 
for this type of material: British Observers do 
not favour aural criteria of intensity. Method (b) 
is again desirable. 

3. Methods P. and Q. 3 of the British pro- 
gramme are appropriate here. 

4. Method Q. 1A has proved itself valuable, 
and in particular German workers attach great 
value to its further application. 

9. No detailed proposals need be offered herc; 
the section throws open the whole field of 
almospherics research to discussion. 


Bruxelles, —- Imp. Hayez, rue de Louvain, 112. 
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INTRODUCTION 


La Commission des .Méthodes de Mesures et 
Etalonnages, la Commission de Propagation des 
Ondes, la Commission des Perturbations Atmo- 
sphériques et la Commission de Liaison avec les 
Opérateurs, Praticiens et Amateurs furent insti- 
tuées par décision de l'Assemblée générale de 
l'U. R. 5. I. tenue à Bruxelles en juillet 1922. 

L'activité de ces Commissions depuis l'Assem- 
blée Générale de 1922 jusqu'à l'Assemblée Géné- 
rale tenue à Washington en octobre 1927 est 
résumé dans les fascicules 2 à 6 du volume I 
de l'U. R. S. I. | 

La Commission de Radiophysique fut insti- 
tuée par décision de l'Assemblée Générale de 
Washington sous le nom de Commission des 
Oscillations, dénomination qui fut changée lors 
de la derniére Assemblée Générale. 

Les travaux exécutés par les différents Comités 


Nationaux de lU. А. 5. I. depuis l'Assemblée Gé-. 


nérale de 1927 ont été résumés et discutés, et 
des programmes de travaux ont été élaborés au 
cours de l'Assemblée Générale de lU. R. S. I. 
tenue à Bruxelles en septembre 1928. 


The Commission of Measurements and Stand- 
ardization, the Commission on Radio Wave Pro- 
pagation, the Commission of Atmospherics and 
the Commission of Cooperation with the Ama- 
teurs have been instituted by the decision of 
the General Assembly of the О.А. S. I. held 


in Brussels in July 1922. 


The activity of these Commissions from the 
General Assembly of 1922 until the General 
Assembly held in Washington in October 1927 
is summarized in the fascicules 2 to 6 of vo- 
lume I of the U. В. S. I. 

The Commission of Radiophysic has been 
instituted bv the decision of the General Assem- 
bly held in Washington under the name of Com- 
mission of Oscillations, that denomination was 
changed during the last General Assembly. 

The works made by the different National 
Committees of the U. R. S. I. since the General 
Assembly held in 1927 have been summarized 
and discussed, and programs of works have been 
elaborated during the General Assembly of the 
U. R. S. I. held in Brussels in September 1998, 


Travaux de la Commission de Mesures et Etalonnages. 


Papers of the Commission of Measurements 
and Standardizations. 


La Commission des Méthodes de Mesures d’Éta- 
lonnages qui a siégé à Bruxelles en 1928 était 
composée des savants suivants : 


The Commission of Measurements and Stand- 
ardization which was held in Brussels in 19298 
was composed of the following savants : 


Angleterre : Dr. D. W. DYE, F. R. S., du National Physical Laboratory. 


Belgique : 
Télégraphes. 


M. R. CORTEIL, Ingénieur Principal de l'Administration des 


États-Unis : Dr. L. M. HULL, des Radio Frequency Laboratories Inc. Boston. 


France : 


M. R. MESNY, Professeur Principal d'Hydrographie, Profes- 


seur à l'École Supérieure d'Électricité. 


Italie : 
Radiotélégraphie. 

Japon : 

Pays-Bas : 


Prof. G. VANNI, Directeur de l'Institut Central Militaire de 


Prof. H. NAGAOKA, Professeur à l'Université de Tokyo. 
D" BaLTu. VAN DER POL, du Natuurkundig Laboratorium der 


N. V. Philip's Gloeilampenfabrieken. 


Les séances de la Commission étaient prési- 


dées par M. D. W. Dye. 


Ihe meetings of the Commission were pre- 
sided at by Mr. D. W. Dye. 
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Séance du Mercredi 12 Septembre 1928 


Meeting of Wednesday September 12, 1928 


La séance est ouverte à 9 h. 30. 


M. le Président. — I regret that I am unable 
to present a general report on the present status 
of wireless standards and measurements, since 
no reports have been received from the various 
National Committees except that drawn up on 
behalf of the British National Committee. Co- 
pies of this have been circulated and are before 
the members of this assembly (°). 

There are also no proposals for consideration, 
so that under circumstances, the simplest plan 
will be to use the general framework of the 
simple British report and (о fill in the infor- 
mation which will be forthcoming from the 
various delegates on Commission I. We can 
also use the fascicule n? 3 of the Papers of the 
General Assembly held in Washington last vear. 
This is practically a verbatim report of the 
meetings of Commission I held in Washington 
last year. 

The matter falling within the scope of the 
Commission can be considered under three 
headings : 

1. Frequency. 

2. Current and Electromotive Force. 

3. Measurements and Properties of Circuits. 

In connection with the discussions under these 
headings, it will prevent too much digression if 
attention is directed rather towards the inter- 
national aspect of the subjects than to the local 
or personnal aspect of them. 

Considering therefore frequency first, we are 
already in very general agreement that our 
standards are derived as directly as possible 
from the unit of time and that the best means 
of satisfying ourselves internationally as to the 
accuracy with which the stepping upwards or 
downwards between the clock and the radio fre- 
quency is actually done, is by measurements in 
different countries of one or more sources of 
radio frequency which are unvariable as pos- 
sible. 


(1) Voir annexe, p. 35. 


There are two ways by which we may do 
this : 

1. By approximately simultaneous measure- 
ments of the frequencies of waves received from 
transmitting stations of sufficiently constant fre- 
quency. | 

2. Ву the measurement in different countries 
of the frequencies of portable sources of radio 
frequencies of a sufficiently perfect kind. 


I think we should devote considerable discus- 
sion to these two means at our disposal and to 
any other means which may suggest themselves 
and l think also that we should consider care- 
fully the possibilities of organising a definite 
scheme, whereby the intercomparisons may pro- 
ceed in a manner sufficiently automatic to 
ensure continuity in the comparisons as time 
goes on, but yet allow full use to be made of 
advances which will doubtless be made. 

I mention this because it seems probable that 
we shall not have general assemblies every 
vear but should provide for a three years pro- 
gramme. | 


Ing. Braillard. — Je désire dire quelques 
mots au sujet du travail pratique qui a été fait 
sous les auspices de l'Union Internationale de 
Radiophonie, et qui avait pour but de maintenir 
constantes les fréquences des stations émettrices 
européennes afin d'utiliser au mieux les bandes 
de fréquences réservées à la radiodiffusion. Le 
travail du laboratoire a consisté d'abord dans la 
construction et l'étalonnage d'ondemétres — que 
vous pourrez voir demain, lors de la visite du 


laboratoire — ondemètres qui ont été distribués 


à chacune des stations de radiodiffusion de 
l'Union: ces ondemétres avaient une précision 
de 2 à 3 dix-milliémes. La seconde partie du 
travail du laboratoire est le contróle à distance 
de la fréquence des ondes émises par les stations 
fonctionnant déjà à Bruxelles, Keston (Angle- 
terre) et Berlin, et d'autres qui sont en construc- 
tion à Stockholm et à Prague. Chacune de ces 
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stations possède un diapason étalonné avec une 
précision de 2/100.000, au National Physical 
Laboratory par les soins de M. Dye. 


Entre Keston et Bruxelles, on a trouvé une 
correspondance de 1/10.000 entre les stations. 
Des essais semblables ont été faits par Giebe à 
Berlin. 


On peut donc, à distance, comparer les éta- 
lons avec une précision de 1/10.000, ce qui est 
suffisant pour les desiderata de la pratique. 

Les mesures locales des fluctuations de fré- 
quence autour d'une valeur donnée ont pu étre 
faites avec une précision de 1/100.000, ce qui 
est un trés bon résultat. I] s'agit ici, bien 
entendu, de mesures relatives. 


Nous verrons demain les installations et les 
graphiques relatifs à ces mesures. Des gra- 
phiques ont déjà été mis en circulation et 
j'espère que la plupart d'entre vous les ont vus. 


M. le Président. — For national laboratory 
measurements it would be desirable to use fre- 
quencies as steady as possible and for that to 
equip commercial stations with quartz oscilla- 
tors. Quite recently we have been organising 
some preliminary transmissions in order to find 
out the conditions under which they can best 
be received, and whether they can serve the 
purpose intended. 


In 1927, it was arranged through the kind 
cooperation of Commander Hoyt-Taylor that 
time signals or special signals would be sent 
bv the American Naval Station at Annapolis 
(N. K. Е.), on short waves which might prove 
valuable for intercomparison purposes, since 
the station is crvstal controlled with thermosta- 
tic regulation of the crystal temperature. Tests 
were made and 1 made mvself some measure- 
ments with these signals, but at present the 
results are not yet sufficient to make any defi- 
nite statement. 


I understand that Mr. Jouaust in France has 
also made some observations. The accuracy of 
these frequency comparisons was of 1/100.000. 

Members of other countries may have some- 
thing to say on this matter. 


In any case it is desirable that more tests 
should be made. 


Dr. van der Pol. — With what accuracy do 
you hope to measure frequencies corresponding 
to 15 to 30 meters wave lengths? 


M. le Président. — 1 think an accuracy of 
1 part to 10° could be obtained assuming suffi- 
cient constancy at the transmitting station. 


Ing. Braillard. — Quant à la question de la 
stabilité de la fréquence de l'onde, j'estime qu'il 
est possible d'établir une station dont la fré- 
quence soit de l'ordre de 20 millions de cycles 
par seconde avec une scintillation de 50 à 60 
(ou 20 à 50) cycles. Pour les stations à ondes 
longues (1 mégacycle par seconde) sans cristal, 
telles celles de la radiodiffusion, les scintilla- 
tions sont de l'ordre de 1 à 2 cycles par seconde. 
On atteint donc une précision de 1 millio- 
niéme environ, pour des mesures relatives bien 
entendu. 

On peut donc parfaitement obtenir la préci- 
sion réclamée par le D' Dye. 


Prof" Mesny. — Si Yon considère une trans- 
mission par ondes courtes, sur de longues dis- 
tances, il y a une autre cause d'erreur provenant 
des variations de la longueur du chemin par- 
couru par l'onde, ou des variations des milieux 
qu'elle traverse. 


Dr. van der Pol. — It is a manifestation of the 
Doppler effect. 


Prof' Mesny. — En effet, si l'on envoie, par 
exemple, une onde de 20 m. d'Europe aux États- 
Unis, le trajet comporte environ 300,000 lon- 
gueurs d'onde. 

Une variation de 1/100 dans le chemin par- 
couru correspond à 3,000 longueurs d'onde et 
si cette variation se produit en dix secondes elle 
donnera lieu pendant ce temps à une variation 
de fréquence de 300 cycles par seconde. 


Général Ferrié. — Il faut être prudent lors- 
qu'on parle d'effet Doppler. Ne s'agit-il pas de 
l'effet Compton? En réalité, nous constatons des 
variations mais nous ne sommes pas très sûrs 
s'il s'agit de tel ou tel effet. 


M. le Président. — These effects increase the 
importance of the measurements and forme a 
further reason for undertaking them. 
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Prof" Vanni. — Étant donnée l'importance де 
loutes ces remarques, je pense qu'il serait dési- 
rable d'organiser еп Europe une émission sur 
une longueur d'onde de l'ordre de celle signalée 
par M. Mesny, de facon à pouvoir étudier les 
phénomènes dont il vient d'être question. 


M. le Président.— It is a very good suggestion. 
| don't know if short wave European stations 
would actually have the required constancy. 
Perhaps a Beam station might be suitable? 

May we not consider here the creation of a 
new station? Is there no station near Brussels 
of which the transmissions would have the 
constancy required. Could the laboratory of 
Mr. Braillard help us? 


Ing. Braillard. — Notre laboratoire ne pos- 
séde pas de station d'émission; mais certaines 
stations Beam ont une stabilité de 50 périodes. 
Les futures stations Beam seront contrólées par 
un cristal ou tout autre dispositif aussi bon. 
N'oublions pas qu'il s'agit là de stations com- 
merciales. 


Général Ferrié. — M. Braillard pourrait peut- 
étre faire une enquéte à ce sujet et indiquer à 
M. le Président la station qu'il aurait trouvée 
la meilleure à ce point de vue. 


Ing. Braillard. — Je me mets bien volontiers 
à la disposition de la Commission pour orga- 
niser cette enquéte. 


M. le Président. — А program can probably 


be arrived at by forming a small sub-committee : 


amongst those who are most interested in the 
question. 


MM. Dye, Braillard, Hull, Mesny, Vanni ct 
van der Pol sont désignés pour composer ce 
sous-comité.. 


Prof" Vanni. — J'ai écouté à Rome la station 
de Eindhoven et j’ai observé que ses émissions 
sont remarquablement constantes au point de 
vue pratique du moins. On pourrait peut-étre 
envisager l'emploi de cette station. 


Dr. van der Pol. — At the Philips works we 
took great care to obtain the utmost steadiness 
possible. The modulation of the frequency 
must be reduced as much as possible. Until 
now, it did not seem necessary to fit the crystal 


controlling the station with a thermostatic regu- 
lation. 


Dr. Appleton. — In connection with the Dop- 
pler effect which has been mentioned, 1 think 
that the notion of the Kennelly-Heaviside layer 
would have to be very rapid to produce the fre- 
quency changes that have been mentioned. lf 
we consider a vertical notion of the layer, a ve- 
locity upwards or downwards of 90 kilometers 
per minute would be required to cause a varia- 
tion of 1 part in 10* in the received frequency, 
if a wave-length of 100 metres is used. 

If we consider a notion of the layer in the 
direction of propagation the phenomena would 
be similar to that investigated by Fizeau and 
we should expect merely an alteration of phase 
and not an alteration of frequency. The me- 
dium would have to be accelerated in the direc- 
tion of motion for the frequency to be altered. 


Prof' Mesny. — Dans mon idée, il s'agissait 
simplement des variations momentanées du che- 
min parcouru. S'il y a des variations de la lon- 
gueur du chemin, on doit observer des varia- 
tions momentanées de la fréquence. 

Cela a été mis en évidence, notamment par 
hukop, au cours d'essais de téléphotographie 
entre Nauen et Rome, sur une distance de 
1,100 kilométres, les variations de la longueur 
du chemin atteignirent 300 kilométres et pro- 
duisirent des variations de fréquence allant 
jusqu'à 1,000 cycles par seconde. 


Dr. van der Pol. — 1 used the term « Doppler 
effect » in the most general meaning. 

A similar effect is observed when the ray bet- 
ween two stations is reflected upon a moving 
mirror. 

One may speak of a generalised Doppler effect 
when the propagating mcdium is submitted to 
slight variations. 


Dr. Appleton. — Yes. The same thing is 
observed in acoustics. The wind produces a 
similar effect. 


M. Mesny. — П s'agit d'un phénoméne tran- 
sitoire. 
M. le Président. — These variations in the 


received frequency do doubtless exist in rela- 
| 1. 


tion to the transmitted frequency, but I think 
(ћеу may be neglected from the point of view 
of international comparisons. 

The variations of transmitting frequency are 
very important from the point of view of com- 
parisons which are not simultaneous. 


Dr. van der Pol. — I think that the frequency 
variations at the receiving end are probably of 
the same order as the frequency of the fading. 


Prof’ De Donder. — Permettez-moi de rappe- 
ler que l'effet Doppler bien connu en optique 
n'a été traité mathématiquement que dans le 
cas du mouvement relatif rectiligne ct uniforme. 
Or il s'agit ici n'est-ce pas, de mouvements abso- 
lument généraux. Le probléme reléve de la dyna- 
mique de la relativité générale; l'étude de ce 
probléme est encore trés peu développée. 

N'oublions pas que dans le cas dont il est 
question nous avons affaire à une trés forte gé- 
néralisation de l'effet Doppler. 


Dr. van der Pol. — 1 think this question 
rather belongs to the work of Commission II 
and perhaps also of Commission V. 


M. le Président. — 1 should like to draw your 
attention to the second means of comparison 
measurement which I have already mentioned, 
І mean the circulation of a piezo-electric quartz 
crystal oscillator round the laboraties. We 
ought to be grateful towards the American mem- 
bers who put the crystal oscillator already 
measured into circulation. І suggest that per- 
haps the Americans might continue to circulate 
the oscillator already used for the purpose. 


Dr. Hull. — I will state that we should be very 
glad at the « General Radio Company » to furnish 
a temperature-controlled piezo-oscillator which 
could be allocated to the use of the U. R. S. I. 
That portable apparatus could be circulated 
amongst the various members who are interested 
and who have the facilities of making the 
measurements. 

I would suggest in that connection that 1 per- 
sonally and my associates will not be able to 
carry out the measurements in Europe, but it 
may be well that someone of the members of 
the sub-committce takes the responsability for 
making the measurements in Europe and send- 
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ing the oscillator back to U. S. which would 
allow us to make further comparisons of our 
standards. 


Prof. Nagaoka. — lt should be desirable, at 
least for remote countries like Japan, to receive 


„а separate standard, owing to the risks of dam- 


age during transport. 


Dr. Hull. — I wish to state personally that I 
am not in favor of circulating such apparatus 
in various countries particularly if it is impos- 
sible to make a personally conducted tour. I 
believe that the results so obtained are more 
likely to be deceptive but if the Committee 
decides that such a plan should be carried out 
we should be very glad to cooperate with the 
material. | 


Général Ferrié. — Diverses circonstances геп- 
dent trés difficile l'envoi d'un physicien dans les 
différents laboratoires. Mais il serait désirable, 
à mon avis, d'envoyer plusieurs appareils pério- 
diquement. Ces appareils circuleraient en se sui- 
vant à intervalle de trois оп six mois, par 
exemple. La répétition des comparaisons donne- 
rait plus de sécurité. 

Cela a déjà été fait et a donné d'excellents 
résultats, mais, j'insiste, il faudrait plusieurs 
appareils dont les envois seraient décalés régu- 


lièrement. 

M. le Président. —- l quite agree with General 
Ferrié. 

Prof’ Vanni. — ll serait bon de s'entendre sur 


le choix d'une méthode de comparaison. Fixons 
une telle méthode, variable évidemment sui- 
vant l'ordre de grandeur des longeurs d'onde. 


Ing. Braillard. — Permettez-moi d'appuyer la 
proposition de M. Vanni et de demander qu'on 
n'envoie pas seulement le cristal, mais bien tout 
le montage, cristal et accessoires. Le cristal 
devra être taillé pour une fréquence aussi basse 
que possible, de l'ordre de 100,000 à 150,000 
pour avoir une haute précision dans l'étalon- 
nage. Je parle par expérience, ayant utilisé un 
cristal pour une onde de 2,000 métres. 

Prof" Mesny. — C'est dans ces conditions que 
l'appareil à cristal du Bureau of Standards cir- 
culait l'année dernière. И a conduit à une bonne 
précision. 


Union Radio Scientifique Internationale (| 


Général Ferrié. — Il conviendrait d'examiner 
la question au point de vue financier : il serait 
sans doute trop coüteux de se procurer et d'en- 
voyer les appareils, mais nous pourrions envi- 
sager la question ultérieurement quand Ја situa- 
tion budgétaire sera meilleure. 


M. le Président. — I think that we shall arrive 


at a satisfactory arrangement in entrusting the 
question to the sub-committee. It seems to me 


unnecessary to have a number of oscillators, 
two would be enough if the circulation takes 
six months. 


It is proposed to hold a meeting of the sub- 
committee this same evening at 9.0 p. m. 


La séance est levée à 10 h. 45. La prochaine 
réunion est fixée au vendredi 14 septembre 1928 
à 9 heures. 


Séance du Vendredi 14 Septembre 1928 


Meeting of Friday September 14, 1928 


La séance est ouverte à 9 h. 30. 


M. le Président. — At our last meeting we 
discussed in detail the question of frequency 
and the comparison of measurements and a 
meeting of a small committee was held on 
Wednesday evening at which the following ge- 
neral decisions were arrived : 

That we should arrange with D' Hoyt Taylor 
to transmit signals from the short wave station 
at Arlington for the purpose of the measure- 
ments at high radio frequencies at times to suit 
the transmission. 

lt was agreed to ask him to send them early 
in the afternoon : 17 hours Greenwich. 

We may have further experiments to make 
in regard to the reception in the winter because 
it is probable that there will only be a very short 
time interval which is suitable. 

We did not discuss the question whether very 
short dots should be sent in the manner descri- 
bed in the paper which was read at yesterday's 
meeting and it would be interesting to have a 
word or two on that question to decide whether 
we should include in the same program these 
very sharp dots. 

It was then further discussed whether we 
should carry out experiments on one of the 
lower frequency stations such as a broadcasting 
station; M. Braillard can inform us on this ques- 
tion by reason of the measurements which he 
has made on the steadiness of frequency on a 
number of such stations. 


It was also considered that certain measure- 
ments could be made using special signals on 
a certain station and 1 think probably the sta- 
tion 5 G. B. (Daventry) will be as suitable as any 
other for this purpose as it seems probable that 
we can make arrangements in England. 

We think the transmission may be a modu- 
lated one at a frequency of 999 cycles per second, 
the transmission being controlled by a tuning- 
fork of great precision calibrated in my labora- 
tory. 

I should be happy to have the Members’ idcas 
on that matter. 


Général Ferrié. — C’est une excellente idée. 


M. le Président. — Perhaps Mr. Braillard him- 
self can help to arrange with Captain Eckersley 
regarding this matter. 


Ing. Braillard. — Je ne puis que me rallier a 
la proposition de M. le Président et je ne doute 
pas que les méthodes de laboratoire donnent de 
bons résultats en employant le diapason éta- 
lonné par M. Dye lui-méme. 


M. le Président. — I think that apparatus must 
be regauged every two or three vears. 


Ing. Braillard. — Le capitaine Eckersley a 
commencé l'équipement de plusieurs stations 
anglaises avec des diapasons de 1,000 périodes. 
П est trés familiarisé avec toutes ces méthodes 
et nous pourrons avoir confiance dans les résul- 
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tats. Sa collaboration avec l'U. К. S. 1. dans le 

but proposé pourrait être utilement envisagée. 
M. le Président. — Has someone any other 

remark to put forward? 


D” Hull. — Does the Commission intend to 
consider other ranges of frequencies that the 
range of broadcasting? 


M. le Président. — No, because we don't know 
if measurements could be sufficiently exact 
in the other ranges, for want of frequency 
steadiness. 


Dr. Hull. — What personally interests me, are 
the transatlantic transmissions of Daventry and 
I scarcely can receive them in America. 

I want to know whether a telephonie fre- 
quency modulation on a short wave station is 
contemplated in order to bring America into the 
measurements. 


M. le Président. — This has not been discussed 
but I think it may be more convenient to use 
the Post Office long wave station at Rugby since 
this is already controlled in frequency by а 
tuning-fork. Itis possible that modulation from 
this fork can be obtained by arrangement. 

The third matter which was discussed was the 
circulation of the quartz-oscillator and it was 
agrecd that a quartz-oscillator should be circu- 
lated. That is a good method which has already 
been employed but it must be extended to Japan. 
| think that it wil meet our requirements very 
well and it should be possible to make a circula- 
lion about once in 6 months. | might perhaps 
mention that the frequency of the quartz oscil- 
lator should be between 100 and 200 kc. per 
second. The oscillator might thus be a dupli- 
cate copy of the oscillator which has already 
been circulated. 


General Ferrie. 
deux étalons en circulation à six mois d'inter- 
valle; cela serait nécessaire si le Japon participe 
aux mesures, ce qui est indispensable. 


Ne pourrait-on pas mettre 


M. le Président. — 1 doubt whether this would 
be a better method than the one consisting in 
having a separate standard. circulated. between 
American and Japan or any other remote coun- 
Iry. What does Prof. Nagaoka think about it? 


Prof. Nagaoka. — That would be a very good 
idea but I fear that the Custom Office opens the 
parcel and breaks the apparatus. I think that 
the only practical solution is the following : 
Japan would have its own standards which 
would be controlled in laboratory. 


M. le Président. — Indeed, Prof. Nagaoka 
could measure his crystals oscillators by his 
standards of time, as it has already been done in 
Japan. 


Général Ferrié. — WM est possible d'éviter la 
douane en confiant l'appareil à la valise diplo- 
malique, comme cela зе fait en Europe. 


Prof. Nagaoka. — There is still the danger of 
transport. An apparatus of the Burcau of Stand- 
ards has already been broken in Japan during 
the transport. 


Général Ferrié. — Ce genre d'accidents est 
malheureusement fréquent. Quelle est l'opinion 
de M. le, Prof' Nagaoka? 


Prof. Nagaoka. — T agree with the sending 
by the diplomatic valise. 


M. le Président. — I think this ends the gene- 
ral questions submitted to the Sub-Committee 
and to the Commission. 

| would like to know whether this program 
should be set on foot as from the Secretariat 
General or whether you would prefer myself or 
any other individual to take the necessary action. 


Dr. Rayner. — To begin with, it would perhaps 
be better that (ће Commission take charge of 
it. Messrs. Dye and Braillard could get into 
conlact with Captain Eckersley. 


Ing. P. Goldschmidt. — En tout cas, le Secré- 
tariat Général se tient à la disposition de la Com- 
mission pour lui apporter sa collaboration. 


Ing. Braillard. — Je pense que pour la pre- 
mière fois. il serait préférable que les techniciens 
entrent directement еп contact. Le Secrétariat 
Général interviendrait après. 1] s'occuperait de 
tenir au courant les personnes intéressées d’après 
une copie de la correspondance que la Commis- 
sion ћи fournirait. 


M. le Président. — lt will be done so. 
| would like to make а few remarks on cur- 
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rent and voltage measurements. I think we can 
practically put the two together. In radio fre- 
quencies there are quite a number of differences 
in measurements of current and voltage from 
au international standpoint. At low and moder- 
ate radio frequencies these differences are not 
very important from the point of signal strength 
measurements but at the very high frequencies 
uncertainties are quite large and it does seem 
necessary to unify the measurements of current 
in the different countries and I would like to 
know if there are any members of the Commis- 
sion who have any remarks to make, relative 
to this matter as to what could be done to 
improve the position. 


Général Ferrié. — Je crois que M. Mesny pour- 
rait nous donner des indications utiles à ce sujet. 


Prof' Mesny. —- M. Dye se place au point de 
vue des étalons de mesure pour haute fréquence 
et jc ne pense pas qu'en ce moment nous ayons 
quelque chose de nouveau à signaler. 


M. le Président. — ] might mention that some 
work has been done in England by Dr. Moullin 
who has made some experiments on a standard 
ammeter for use at very high frequencies up to 
20,000 kilocycles per second. This is an instru- 
ment in which all those effects due lo the high 
frequency can be calculated exactly. Instru- 
ments have already been made by companies 
in England and a paper on this will be published 
shortly but at the moment there is no informa- 
tion about them except a very short abstract in 
« Experimental Wireless ». 

| think probably that further advance in 
knowledge on the subject could be obtained if 
a comparison of the various methods now avai- 
lable were made. This is not a matter for inter- 
national comparison, | think it is a matter for 
some particular country to interest itself suffi- 
ciently in to carry out and I think I can arrange 
for this work to be done in England. The ques- 
tion of the foundations on which these measure- 
ments should be based are, I think, matters of 
national rather than international interest. 

To finish the work of Commission I, we must 
look at the most up to date methods of measure- 
ment of capacities, self industance and re- 


sistance. 


This is a matter which concerns the various 
laboratories rather than this committee but | 
might mention that we have already initiated an 
interchange of capacity between Great Britain 
and America and if any other countries would 
care to be included in that I have no doubt that 
such.comparisons could be organised. 


Général Ferrié. — La question est trés impor- 
lante. Je voudrais faire remarquer que la Com- 
mission Internationale des Poids et Mesures à 
décidé de faire entrer dans les attributions du 
Bureau International des Poids et Mesures la 
conservation de l'étalon de l'ohm international, 
des étalons de capacité et d'inductance. Il est 
possible qu'il s'occupe aussi de l'étalon de 
fréquence. Nous devons être prêts à travailler 
d'accord avec cet organisme. Peut-être deman- 
dera-t-il à recevoir en dépôt des étalons. 


M. le Président. — I raised the question pre- 
cisely because I am going to participate as British 
delegate at the International Conference which 
will be held at Sévres for studying the electrical 
standards. Т could, if you think it useful, put 
forward the question of introduction of new 
standards. 


Général Ferrié. — Nous ne pouvons rien pro- 
poser sans connaitre les intentions de la Com- 
mission Internationale des Poids et Mesures; 
mais je crois que nous pourrons nous en remet- 
tre à M. Dye pour décider, au moment voulu, 
ce qu'il y aura lieu de faire. 


M. le Président. — Is there any other remark ? 


Prof' Vanni. — Nous avons rencontré en Italie 
‘es difficultés dans la mesure de certaines gran- 
deurs se rapportant aux lampes : inductance mu- 
tuelle entre grille et plaque, self inductance, 
résistance intérieure, coefficient d'amplification. 
M. Dve a fait des mesures dans ce domaine et je 
pense qu'il serait intéressant de connaitre l'état 
actuel de la question. 


M. le Président. — 1 am sorry that I have 
omitted to make reference to this matter. We 
have at the National Physical Laboratory carried 
out quite considerable.amount of work in con- 
nection with measurements of the internal parts 
of valves. We have developed a bridge of the 
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Schering type by which these measurements can 
be made. Descriptions will be sent to the Radio 
Research Board and copies shall be distributed 
in the О. R. S. I. before publication. I might 
mention that this bridge can be used over a 
range of frequencies from 100 cycles per second 
up to rather over 1,000 kc. per second, a ratio 
of 1/10.000 and we have already been able to 
make a considerable number of discoveries on 
the dielectric properties of insulating materials 
because it is now possible to carry out measure- 
ments throughout the whole range without any 
interruption of the conditions. 


Dr. van der Pol. — Some researches on dielec- 
tric losses (though it was not necessary to carry 
them to a very high accuracy) gave results quite 
sufficiently accurate for practical purposes. Loss 
angles were measured with an ordinary current- 
voltage method, but over a verv extended fre- 
quency range. It appeared that different insu- 
lating materials showed quite different curves 
for loss angle as a function of frequency but 
some interesting general conclusions could be 
obtained. 

As to the measurement of very small capaci- 
ties such as the effective capacity between con- 
trol grid and anode in anode-shielded tubes a 
method was devised which enabled us to detect 
capacities of the order of 0""01. 


M. le Président. — This question is very inter- 
esting and I would like to ask Dr. van der Pol 
if he could not let us know the results published. 
Until now, the Commission did not find useful 
to take an interest in this type of measurement 
which seems to belong rather to the electro- 
technic sphere. Nevertheless, it seems now that 
all those who do field strength measurements 
ought to study it. 


Général Ferrié. — MM. Dye et van der Pol 
pourraient envoyer une description de leurs mé- 
thodes au Secrétariat Général qui se chargerait 
de la faire parvenir à tous les membres. 


Dr. van der Pol. — | would he very pleased 
to do it. | 


M. le Président. — 1 have also already pro- 
posed it for the methods in use at N. P. L, 


Dr. Van der Pol. — Perhaps some methods 
used for measuring the internal capacities of 


triodes of the order of a few centimetres may be 


of interest. We measure them e. g. with a 
Weston capacity-meter where it is only neces- 
sary to press a button. If the capacity of one 
triode is too small, we simply put ten triodes in 
parallel and devide by ten, thus finding a good 
average. 


M. le Président. — Every member of the Com- 
mission might make inquiries upon the methods 
used in the various laboratories and give us a 
report. Very interesting methods are used, par- 
ticularly at the Bureau of Standards, at the Bell 
Telephone Laboratories, etc. 


Dr. Hull. — The Standards Committee of 
the American Institute of Radio Engineers has 
drawn up and published this year a general 
report in which a brief account is given of two 
useful methods for measuring the capacities of 
valves and also their variations with the fre- 
quency in cases where such variations are impor- 
tant. I do not know whether this report has 
not been sent to the Secretary of the Union. 


M. le Président. — I second this very interes- 
ling proposal and I think that a copy of this 
document ought to be sent to every membcr. 
When we publish a personal work, we should 
save time in sending it directly to the members 
who are interested in it. 

An other question to be put forward concerns 
the respective activities of the Commissions. 
It has been mentioned that Commission V would 
take in hand the study of quartz oscillations 
which previously belonged to Commission I. 
I fear this will cause indesirable overlapping. 


Dr. van der Pol. — 1 proposed for similar 
cases to hold a mixed reunion of two Commis- 
sions. 


Général Ferrié. — Je pense que tous les tra- . 
vaux expérimentaux sont du ressort de la Com- 
mission [ et tous les travaux théoriques à la 
Commission V. 


Prof. Appleton. — I do not think desirable to 
separate pratice from theory in this way. 
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M. le Président. — 1 agree with the opinion recourir à la Commission V quand elle le jugera 
of Prof. Appleton. Beside I doubt that Com- utile. 
mission V would accept to renounce any experi- 
mental verification of theories studied by its 
members. The limit boundary between the 
Commissions does not seem well defined. 


M. le Président. — 1 think any difficulties 
will resolve themselves if we act on the principle 
that we are working hand in hand. 


| Dr. van der Pol. — I quite agree with the 
Général Ferrié. — Peut-être la Commission I Chairman. 
pourrait-elle aborder la question compléte et La séance est levée à 10 h. 30. 


Travaux de la Commission de la Propagation des Ondes 


Papers of the Commission on Radio Wave Propagation 


La Commission de la Propagation des Ondes The Commission on Radio Wave Propagation 
qui a siégé à Bruxelles, en 1928, était composée which was held in Brussels in 1928 was com- 
des savants suivants : posed of the following savants : 


Angleterre: Dr. R. L. SMITH-ROSE, D. Sc.; Ph. D.; D. I. С; A. M. I. E. Е.; 
du National Physical Laboratory. Teddington. 

Belgique: Prof. Th. DE DONDER, Membre de l'Académie Royale de Bel- 
gique, Professeur à l'Université de Bruxelles. 

M. H. JANNE, Professeur à l'Université de Liége. 

États-Unis : Dr. L. W. AUSTIN, du Laboratory for Special Radio Transmis- 
sion Hesearch. Bureau of Standards. 

France : M. R. MESNY, Professeur principal d'hvdrographie, Professeur 
à l'École supérieure d'Électricité. 

Italie : Prof. G. VANNI, Directeur de l'Institut Central Militaire de 
Radiotélégraphie. 

Japon : Prof. H. NAGAOKA, Professeur à l'Université de Tokyo. 

Pays-Bas : D' Batu. van DER POL, du Natuurkundig Laboratorium der 
N. V. Philip's Gloeilampenfabrieken. 


Les séances de la Commission étaient prési- The meetings of the Commission were presi- 
dées par le Dr. L.-W. Austin. ded at by Dr. L.-W. Austin. 


Séance du Mercredi 12 Septembre 1928 
Meeting of Wednesday, September 12, 1928 


La séance est ouverte à 10 h. 45. ^ been circulated (). 1 think it better therefore 
to postpone its discussion until everybody has 
been able to examine it. 

Aside from the consideration of the work 


M. le Président. — 1 sent to the Secretary a 
synopsis of our work during last ycar, but 
unfortunately there has been some delay іп .. . 
receiving this report so that it has only just (1) Annexe 2, 
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which has been done during the year, we should 
] think, discuss cerlain fundamental questions 
as to our methods of determination of field 
strength. For example, how much do we really 
know in regard to the accuracy of the absolute 
measurements wich we are making. In all these 
measurements we go back I believe, fundament- 
ally to the reception on a loop. How sure are 
we that we know that we are correct? The 
reception formula is easy enoügh to determine 
theoretically, but are we to consider that this 
reception is perhaps modified by the presence 
of the earth? I think that is really an impor- 
tant thing to take up. It may be that our 
assumptions have been perfectly correct but if 
they are not we ought to know it. T would like 
therefore to put this question in the hands of a 
small subcommittee, perhaps three or four mem- 
bers, I would like to hear the nomination for 
such a committee. 


MM. le Dr. Smith-Rose, le Prof Mesny, le 
Dr. Appleton, le Dr. van der Pol sont nommés 
membres d'un sous-comité pour étudier l'état de 
nos connaissances sur la mesure de l'intensité du 
champ. 


M. Ле Président. — There is a second question 
in wich I am very much interested, that is, the 
relative advantages of continuous automatic re- 
cording of signals intensity. The continuous 
automatic records thus far taken indicate that on 
the long wave lenghts at least the sequence of 
changes in intensity and the angle of incidence 
of the downcoming wave vary so much from 
night to night that it will be difficult to draw 
any general conclusions unless continuous re- 
cords covering many months can be obtained. 

There are, however, some serious disadvan- 
tages and limitations connected with continuous 
recording. First, disturbances of various kinds 
may affect the record if, as will be usually the 
case, it is not constantly supervised. Second, 
unless the use of transmitting stations can be 
procured for long periods of time we will be 
obliged to make use of regular commercial 
transmissions in making our records and will 
thus be shut out from all those important lines 
of work involving the use of special signals. 

I think it would be wise to have this question 


considered bv a small committee so that the 
difficulties and advantages of the methods of 
carrying on observations can be brought in con- 
crete form before the Commission. I would like 
nominations for such a committee. 


MM. le Prof" Appleton, le D" Austin, le Capi- 
taine Bureau sont nommés membres de ce sous- 
comité pour l'étude du contróle des émissions 
et des enregistrements. 


Prof Appleton. — I hope that the sub-com- 
mittee on the recording signals will include in 
their programme the study of short-distance 
transmissions for with such cases the presence 
of a strong ground wave makes correlation of 
records an easy matter since variations of trans- 
mitter current may be allowed for. 


The President agrees to admit this shall be 
done, it being understood however tha the work 
of the sub-commission must not be limited. 

We have also another series of problems 
which I think might be advantageously put in 
shape by another sub-committee before they are 
presented to the Commission, and that is the 
study of the relation of field strengths and pos- 
sibly some of the other phenomena of down- 
coming waves to other. natural phenomena, 
especially solar conditions and the changes in 
the carth's magnetism. Will you make nomi- 
nations of a small committee to consider these 
questions? 


MM. le Général Ferrié, le Dr. Rayner sont pro- 
posés comme membres de ce sous-comité. 


Prof Vanni. — Cette question est trés inté- 
ressante mais relève de la IV’ Commission. 


7. de Président. — If the [Vth Commission 
organises a sub-commission to study this ques- 
tion, we will leave it. 


On convient d'agir de la sorte. 


M. le Président. — Having disposed of this 
question of the relations of radio reception to 
other phenoinena, a third committee can take 
up some proposals of the French National Com- 
mittee () wich have only reached me since I 


(1) Fascicule 2, annexe 1. 
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came to Brussels and which I have therefore 
not been able to go over iu detail. 
of importance and I think it would be wise to 
have a third committee for the consideration of 
these French proposals. | 


MM. le Prof' Mesny, le Prof' Nagaoka, le 
Dr. Smith-Rose, le Dr. Snyder sont désignés 
comme membres du sous-comité pour l'examen 
des propositions francaises. 


Prof Mesny. — Une des principales questions 
soulignées dans le rapport du Comité Francais 
est le choix des quelques stations émettrices qui 
feraient des émissions spéciales qui devraient 


They seem. 


être observées en tous les points de la surface de 
la terre. 


M. le Président. — I think this completes our 
organization of subcommittees unless some one 
has some other subjects which he would like to 
bring up for special consideration. 

My idea of forming the subcommittees is that 
by doing a little preliminary work they can put 
ће questions in a way that we will be able to 
carrv on the general discussion more expedi- 
tiously. 

Après un échange de vues, on fixe l'horaire 
des réunions des sous-coinités. 


La séance est levée à 11 h. 15. 


Séance du Vendredi 14 Septembre 1928 


Meeting of Friday, September 14, 1928 


La séance est ouverte à 10 h. 45. 


The President asks Prof. Appleton to present 
the results of the work done by the second sub- 
commission. 


Prof. Appleton reads the report (°) of the 
second subcommission which had: 


1° to study the opportunity of continuous 
recording of signals; 

2° to examine the special transmissions-sets 
for field strengths measurement; 

3° to examine the propositions of the French 
National Comunittee (°). 


M. le Président. — Паз any onc any remarks 
lo make? | 

There is another subject [ propose to bring 
into discussion; i. e., the conditions existing in 
the higher atmosphere. Prof" Appleton discuted 
this question at the publie session of yester- 
day ( and I should like to have the opinions of 
other members of the Commission upon the 
views of Prof’ Appleton. 


(1) Fascicule 2, p. 15. 
(2) Fascicule 2, annexe 1 
(3) Fascicule 1, page 149. 


Général Ferrié. — Cet exposé lumineux nous 
a ouvert l'esprit à la réalité des phénomènes si- 
gnalés par M. Appleton. Les idées développées 
dans ce travail constituent la meilleure expli- 
cation à l'heure actuelle, et je pense que nous 
n'avons qu'à nous incliner. 


M. le Président. — I should like to hear the 
opinion of Prof' Appleton in regard to silent 
Zones. 


Prof Appleton. — When the theory of 
skipped distances was first put forward it appe- 
ared to fit the facts. The explanation, in its 
simplest terms, was that there is a limited elec- 
tronic concentration in the upper atmosphere 
and that the waves could only be deviated by 
the layer to a limited extend. Short waves 
would be bent through smaller angles than long 
waves. Thus the silent zones observed with 
short waves were considered as due to the 
absence of downcoming waves from the laver, 
electron-limitation preventing the large-angle 
bending necessary to the atmospheric waves 
down near the sending station. 

But further work showed that signals were 
observed within the skipped distance and that 
the intensity of these signals exhibited а 


i. 
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diurnal variation as if they were due to the 
dowcoming waves. It seems to me important 
to find out whether waves are received from the 
atmosphere within this region, and experiments 
are being carried out for the Radio Research 
Board between the National Physical Laboratory 
ans King's College in London to find if inter- 
ference phenomena can be observed when the 
transmitting wave-length is slowly varied. Short 
wave-lengths such as 30 metres are to be used. 

With regard to the theory of the subject 
Mr. T. L. Eckerley has suggested that the increase 
of signal at the edge of the skipped distance is 
due to the lower absorption consequent of the 
increase of the angle of incidence. My own 
view is that we must regard the layer as a kind 
of rough surface and that within the skipped 
distance we get only scattered on diffusely re- 
flected rays. As we ge out further we pass from 
the region of diffuse reflection to that of true 
reflection and get stronger signals. Such an 


explanation give the correct relations between | 


skipped distance and wave length. 


Dr. van der Pol. — Perhaps I may here for- 
ward some technical remarks also interesting 
from a scientific point of view. 

Here is the first point. 

Recently, a Dutch engineer who has been 
working in the Dutch East Indies for several 
vears with short waves, gave a lecture for the 
Dutch Radio Society and he told us that he could 
definitly state that in the Dutch Indies he could 
not find any skip distances with waves down to 
10 metres. What he meant of course is, that he 
could receive an ordinary set signals sent out 
from such station. He has not made any direct 
measurement. 

The second point is the following. We have 
now transmitted with the short wave station 
P. C. J. J. in Holland for over one уеаг and we 
have had thousands of observations from ama- 
teurs of the whole world. I have made a statis- 
пса! review of all these reports and have come 
to the conclusion that a little further out in 
Europe the signal intensity is indeed somewhat 
stronger than nearby. The intensity of the 
signals in Spain, Italy, Russia is on an average 
stronger than in Belginm, France and England, 
but the increase in the signal strength towards 


the limits of Europe is not very pronounced at 


all. 


Général Ferrié confirme ces observations. Les 
postes à ondes courtes installés en Afrique Equa- 
toriale et au Soudan ont permis de constater qu'il 
n'y avait là aucune zone de silence : on peut 
recevoir partout. И importe toutefois de consta- 
ter que ces conclusions ne résultent pas d'une 
étude systématique. 


Dr. Hull. — Although I admit that any single 
group of tests cannot yeld a complete answer 
to the problem, I wish to mention that an Ame- 
rican, Mr. J. K. Clapp, made some tesis last 
summer, at a distance of about 55 miles over 
one ground path which was retained throughout 
the investigation. 

The wave length could be varied at intervals 
of one metre from 30 to 50 metres. А complete 
absence of propagation between the two points 
for some particular range of wave lengths was 
observed at pratically all times. The wave length 
for which the signals disappear over this parti- 
cular path was noted at all times of day. 

The experiments will be the subject of a publi- 
cation of the Institute of Radio Engineers. 


Capitaine Bureau. — En France, un certain 
nombre d'expériences ont été faites sur cette 
question, principalement en vue d'étudier l'épo- 
que et les limites des zones de silence. En por- 
tant ces limites sur une carte, on peut aisément 
s'apercevoir qu'elles varient beaucoup d'un jour 
à l'autre. Par exemple, dans certains cas le Nord- 
Ouest de la France recevait les signaux de Bor- 


'deaux sur 38 métres de longueur d'onde, tandis 


que ces signaux n'étaient pas perceptibles à des 
distances du méme ordre dans le Nord-Est du 
pays. D'autres jours, le Nord-Est entendait et 
non pas le Nord-Ouest. A quoi faut-il attribuer 
ces modificalions dans la zone de silence, à la 
basse atmosphére ou aux couches ionisées? Y 
a-t-il un retentissement des conditions électri- 
ques de la haute atmosphére sur les phénoménes 
météorologiques? Ou bien les conditions météo- 
rologiques influencent-elles les phénoménes de 
propagation au point de provoquer directement 
certaines de leurs anomalies? Cette double expli- 
calion possible a déjà été signalée par M. le 
Président lorsqu'il a relaté la liaison entre les 
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anomalies де la propagation а faible distance et 
le passage des vagues de froid. 


Prof Nagaoka. — Similar tests were made last 
year in Japan, with waves of 15 m. and more. 
Silent zones extending to 150 km. were found. 

But I think the scattering and diffraction of 
waves by buildings, trees and mountains affect 
the transmission; generally the topographic dis- 
turbances in the neighbourhood of the sending 
station must be taken into consideration. 

The boundary conditions for good transmis- 
sion are rather difficult to fulfill. 


Dr. Rayner asks Dr. van der Pol if the 
antenna at Eindhoven sends a large part of its 
energy vertically. 


Dr. van der Pol. — 1 must confess that we did 
not so far investigated the question thoroughly. 
· The antenna is made of a single wire inclined 
between a roof and a post. Its length is several 
times the wave length. 


М: Le Corbeiller. — Une des curiosités de cette. 


antenne réside dans les résultats merveilleux 
obtenus avec une installation de fortune. 


Prof Vanni. — А l'appui de ce qu'ont dit 
MM. Ferrié et van der Pol à propos des propriétés 
remarquables des ondes courtes, je voudrais 
signaler des expériences de Pession et Montefi- 
nale avec des ondes courtes. Ces auteurs ont 
trouvé que l'onde de 15 m. semble la meilleure 
pour les transmissions à longue distance: elle 
est spécialement peu troublée par les atmosphé- 
riques. Cette onde de 15 m. est fort emplovée sur 
les navires de guerre italiens. 

II résulte d'une observation faite par MM. Pes- 
sion et Montefinale que la réception d'un poste 
émettant sur la longueur d'onde de 15 m. était 
parfaite, pendant une journée troublée, alors 
que la réception des postes à ondes longues était 
mauvaise. 


M. le Président. — Is there any other remarks 
to be made? 


M. van der Bilt. — M. Alexanderson m'a con- 
firmé, au sujet des ondes courtes, que l'onde de 
15 à 16 m. était la meilleure pour les transmis- 
sions à longue distance. 


M. le Président. — Does this not depend of 
the time of the day? 


M. van der Bilt. — Je ne m'en souviens pas. 


M. Brenot. — Nous avons fait de nombreuses 
expériences avec des ondes de 10 à 30 métres sur 
des distances de 6,000 à 12,000 km. Nous n'avons 
pas trouvé de propriétés particuliéres pour une 


` onde particulière de 15 à 16 mètres. Cela doit 


dépendre de l'heure et de l'endroit. 

П faut, en général, fixer son choix entre 10 
el 25 métres suivant la nature du parcours et 
l'étendue du trajet éclairé par la lumiére du 
jour. | 

Notez que nous n'avons pas étudié les petites 
distances. 

Les expériences que je viens de mentionner 
furent faites sur des trés longues distances. Entre 
les villes européennes, nous fümes un peu lents 
à employer les petites longueurs d'onde, car 
nous craignions de trouver des résultats trop 
variables, mais la pratique ne l'a pas montré. 
En pratique nous avons employé depuis prés de 
deux ans des ondes plus courtes que les relations 
entre des villes européennes, sans trouver de 
portées indirectes. 


M. van der Bilt. — La méme expérience fut 
faite en Hollande en ce qui concerne la commu- 
nication avec les Indes Néerlandaises Orientales 
et les résultats obtenus confirment ceux de 
M. Brenot. 


M. Snyder. — For communications with San- 
Francisco, we have observed that a wave of 14 
meters is better during the night and a wave of 
22 meters during the day. A wave of 6 meters 
[from Buenos-Ayres is heard during the whole 
24 hours, — it is not heard at all in the E.-W. 
direction. 


M. Jensen. — We found quite opposite result 
in our experiments with transatlantic short wave 
telephony between New-York and London. In 
our case the wave of 22 m. seems good during 
the night and the waves of 14 m. and 16 m. 
during the dav. 


Prof Appleton. — There is unanimous agree- 
ment on one point : At short distances the field 
strength is weaker than at great distances. The 
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question is to be decided is whether the signal 
within the skipped distance is due to a ground 
ray or whether it comes from the upper а то- 
sphere. 


M. Snyder. — The antenna of Alexanderson 
radiates nearly vertically. 


M. le Président. — We have not finished the 
considerations of the question put forward by 
the first subcommission. (Voir rapport de cette 
sous-commission) ('). 


Prof Nagaoka. — It would be very interesting 
to examine the transmissions during the meteo- 
ric showers (August and November) in order to 
study the conditions of the upper atmosphere, 
as the disturbances may be perceptible as grin- 
ders or clicks, though they are probably very 
minute. 


M. le Président. — This suggestion could be 
taken in consideration if we decide to carry on 
continuous recording of observations. 


M. le Général Ferrié. — La Commission IV a 
émis le vœu de voir répandre des bulletins géo- 
physiques permettant d’effectuer des observa- 
tions complétes pendant les orages magnétiques. 


~ 


M. le Président. — This matter of special 
{transmission for measurements, I think can be 
laken up with the French proposals which 
amount to a plan for taking simultaneous obser- 
vations for certain purposes. If it is decided to 
make these, all we shall have to do is to decide 
cither now, or at a later time by letter, what 
stations shall be used for that purpose. 


Prof Mesny. — П n'est pas seulement ques- 
tion dans les propositions francaises de deman- 


(!) Fascicule 2, p. 14. 


der à certaines stations d'émettre des signaux, 
mais plutôt d'oblenir que les différents pays se 
mettent d'accord sur l'organisation de trés nom- 
breuses mesures simultanées d'intensité du 
champ et de méthodes d'enregistrement. 

Ceci s'applique aux grandes longueurs d'on- 
de. On a suggéré de faire porter ces observations 
sur Bordeaux, mais cela n'est qu'une indication. 
l'idée étant qu'un grand nombre de personnes 
effectuent simultanément des observations. 

Quand à l'écoute des ondes courtes, il n'v a 
aucune difficulté pour l'Europe, les signaux des 
stations américaines у élant parfaitement reçus. 
Mais il serait désirable qu'une station européenne 
émit régulièrement des signaux analogues des- 
tinés à être écoutés en Amérique. C'est cela que 
nous pourrions discuter. 

Pour les ondes courtes, beaucoup de questions 
peuvent étre étudiées gráce à des observations 
étendues sur de longues périodes. Il у a des varia- 
tions annuelles dans la réception à une certaine 
heure, par exemple. 

Il y a donc lieu d'avoir des observateurs répar- 


lis sur une grande étendue de la surface terres- 


tre. Même s'ils ne font pas des mesures précises, 
les résultats qu'ils fourniront ne manqueront 
pas d'intérét. (Influence des circonstances loca- 
les, influences des phénoménes solaires, des 
orages magnétiques.) 


M. le Président. — I think that no one is oppo- 
sed to the propositions and I suggest that the 
subcommission should assemble once more to 
lake the required action. 


(Voir les Résolutions dans les procès-verbaux 
de l'Assemblée générale) (5. 


La séance est levée à 11 h. 15. 


(1) Pages 14 et suivantes ап fascicule 2. 
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Travaux de la Commission des Perturbations Atmospheriques 


Papers of the Commission of Atmospherics 


La Commission des Perturbations апозрће- 
'riques qui a siégé à Bruxelles, еп 1923, était 
composée des savants suivants : 


The Commission of Atmospherics which was 
held in Brussels, in 1928, was composed of the 
following savants : 


Angleterre : Dr. R. A. WATSON-WATT, Superintendent of the Radio 
Research Station. Slough. 


Prof. 
Bruxelles. 


États-Unis : Mr N. 


Belgique : 


PHILIPPSON, Professeur honoraire à l'Université de 


SNYDER, du General Engineering Laboratory of the 


General Electric Companv. 


France : 
Italie : 
Radiotélégraphie. 
Japon : 
Pays-Bas : 


Capitaine R. BUREAU, де l'Office National de Météorologie. 
Prof. G. VANNI, Directeur de l'Institut Central Militaire de 


Prof. H. NAGAOKA, Professeur à l'Université de Tokyo. 
Prof. C. L. улх DER BILT, Professeur au Laboratorium voor 


Natuurkunde en Electrotechniek. Delft. 


Les séances de la Commission étaient prési- 
dées par M. Watson Watt. 


The mectings of the Commission were presi- 
ded at by Watson Watt. 


Séance du Mercredi 12 Septembre 1928 


Meeting of Wednesday, September 12, 1928 


La séance est ouverte à 11. h. 15. 


The Chairman thanks the Members who called 
him to the Chair and remarks that owing to 
his absence from the General Assembly of 1927 
in Washington he may inadvertently repeat or 
overlook some of the work done there. In view 
of the very full discussions under the chairman- 
ship of Professor Mesny at Washington ће pro- 
poses to proceed at once to the definite proposals 
for organised observations. He calls attention 
to the English and French papers circulated ђе- 
fore the Assembly (') and proposes to take the 
French proposals in detail. He therefore begs 


(!) Fascicule 2, annexes 2 et 3. 


Captain Bureau to be so good as to give notice 
of the first French proposal. 


Capitaine Bureau lit : « Les stations travail- 
lant sous les auspices de l'U. В. $. І. et assurant 
d'une manière régulière la mesure ou méme 
l'observation des atmosphériques devront le 
faire à des heures déterminées du temps local. 

» Le Comité francais propose pour ces heures 


d'observation 9 heures, 15 heures et 23 heures 


du temps local. Pour l'Europe Centrale et VEu- 
rope Occidentale par exemple, on pourrait adop- 
ter 9 heures, 15 heures et 28 heures du temps 
moyen de Greenwich. 

» On demande, en outre, que dans le monde 
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entier des observations soient faites en tous cas 
à 23 heures Greenwich ». 


M. le Président. — 15 there any objection to 
this proposal fixing the hours of observations? 
It will be clear that at a later stage we must spe- 
cify the nature of the observations to be made 
at these hours. 


Capitaine Bureau lit les 2 et 3° propositions 
francaises : 


» DEUXIÈME PROPOSITION. — Le Comité fran- 
cais demande que chaque pays étudie le moyen 
de réaliser dans une station au moins la mesure 
absolue de l'activité des atmosphériques ('). 

» Les mesures devraient étre effectuées avec 
un dispositif récepteur muni de filtres tels que 
la bande de fréquences susceptible de l'actionner 
ait une largeur correspondant à 500 cycles par 
seconde. 

» Au cas où la pratique obligerait à choisir 
une autre largeur pour la bande de fréquence, 
la valeur mesurée serait ramenée à la bande de 
900 cycles par seconde. ll serait toutefois néces- 
saire de s'assurer par des expériences préalables 
que l'énergie recueillie à travers les filtres et 
provenant des atmosphériques est bien propor- 
tionnelle à la largeur de la bande de fréquence 
à travers laquele on les recoit. 


» TROISIÈME PROPOSITION. — П serait désira- 
ble que chaque pays outre la station spéciale- 
ment équipée pour la mesure absolue de 
l'activité des atmosphériques assure un enre- 
gistrement continu qualitatif de l'activité des 
atmosphériques dans un certain nombre de sta- 
tions (1 par 100 000 km?). Cet enregistrement 
pourrait encore se faire en utilisant la méthode 
de Curtiss, mais il nécessiterait des installations 
moins dispendieuses que la mesure en valeur 
absolue de l'activité. Pour compléter ces enre- 
gistrements, on pourrait utiliser dans chaque 


(1) Cette activité pourrait étre définie comme il suit: Le 
courant produit par les atmosphériques dans l'appareil 
récepteur serait rectifié et chargerait un condensateur 
shunté par une résistance (méthode de Curtiss). On éva- 
luerait le courant traversant cette résistance. On réaliserait 
ensuite је méme courant en faisant agir sur је dispositif 
récepteur un émetteur auxiliaire. Le champ produit par 
l'émetteur à l'endroit оп se trouve le récepteur (évalué en 
microvolts par mètre) serait considéré comme égal au champ 
moyen produit par les atmosphériques, 


pays un certain nombre de postes récepteurs 
assurant un trafic régulier en leur demandant de 
noter heure par heure l'intensité et la fréquence 
des atmosphériques. On pourrait ainsi tracer 
pour chacun d'eux et pour tous les jours de l'an- 
née des courbes qui permettraient de déterminer 
approximativement la variation diurne. Ces 
courbes pourraient étre complétées par des indi- 
cations relatives aux génes causées au trafic par 
les atmosphériques. » 


The Chairman observes that the second pro- 
position contains three portions dealing respec- 
tively with: 1th the desirability of absolute mea- 
surements; 2nd the nature of the quantity to be 


measured, and 3rd the method of measurement. 


He desires to have the opinion of the mem- 
bers on these three points and in particular 
would ask Dr. Austin's opinion on the second 
point. 


Dr. Austin. — I can say that I am in agree- 
ment with these proposals. The realisation of 
this program in the United States is unfortuna- 
tely in difficulty on economic ground. I will 
however, ask for the cooperation of the Naval 
Observatory and of the Aeronautical Laboratory. 
I hope thus to be able to collaborate to the pro- 
posed work. 


Prof Nagaoka. — Several studies in atmo- 
spherics have been made in Japan, and Profes- 
sor Yokoyama has obtained important results. 


Prof Appleton. — I take it that the same 
method of specifying the «activity » of atmo- 
spherics will be used bv all observers. 


M. le Président. — Yes. I regard it as essential 
to the succes of a programme such as this, that 
identical methods of measurement should be 
used at all participating stations. May we now 
vote upon the first part of the second proposi- 
tion ? 


Dr. Пуе asks for a preliminary agreement 
upon : 

1. The quantities to measure. 

2. The method of measurement. 


M. le Président. — It would appear that we 
are in coniplete agreement as to involved in the 
first part of the second proposition. It was in 
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mme —— —À — —M HÀ À € — 


order to facilitate discussion on the point raised 
by Dr. Dye that I sub-divided this proposition. 


The Chairman describes the Curtiss method 
mentionned in the proposal, stating that it had 
been used also in Great Britain and that the 
French Committee now suggests its general 
adoption. 


M. le Président. — Are there any remarks to 
the practicability of this method. 


Dr. Austin observes that he has not himself 
· used the method and could offer no opinion. 


M. Mesny. — П y a-t-il d'autres définitions de 
l'intensité des atmosphériques? 


Prof. Appleton. — The definition proposed 
seems to me quite satisfactory if the method 
contemplated by the Chairman is used. 

What is measured in such a method is the 
rate of change of intensity with the time. It is 


this quantity which is of importance in loop 


reception. 


M. le Président. — There appears then to be 
no objection to parts one and two of the second 
proposition. As for the third part, dealing with 
the width of the frequency band, it seems to me 
that the width of 500 cvcles per second is impra- 
ticable. In Great Britain we are much troubled 
by signals interfering with the reception of 
atmospherics, and we have been compelled to 
use a band width of 25 cycles per second. It may 


be that in France Captain Bureau is more fortu- 
nate in respect of interference by signals. 


Capitaine Bureau. — On ne peut vaincre le 
brouillage par les signaux qu'en restreignant 
l'étendue de la bande, mais cela nécessite l'em- 
ploi d'appareils trés coûteux. Telle est la raison 
pour laquelle la proposition francaise parle d'une 
bande unique pour tous les pays. 


M. le Président. — Аз Captain Bureau has 
pointed out, this question is mainly an economic 
one. While unwilling to increase the demands 
on the time of members by the multiplication 
of Sub-Committees I propose that a small Sub- 
Committee might be appointed to draft a defini- 
tion of the quantity to be measured and to pre- 
pare a general specification for the apparatus to 
be used. 


. General Ferrié. Il faudrait en méme temps 
envisager l’aide éventuelle de l'Union ou des 
Comités Nationaux aux laboratoires qui ne pos- 
sedent pas les fonds nécessaires à l'achat des 
appareils. M. Robert Goldschmidt pourrait utile- 


ment faire partie du Sous-Comité. 


M. Appleton propose de nommer : M. le Pré- 
sident, MM. Bureau, R. Goldschmidt, Kennelly, 
van der Pol, comme membres de ce sous-comité, 
ce qui est approuvé par la Commission. 


La séance est levée et la prochaine réunion est 
fixée au vendredi 14 septembre à 11 heures. 


Séance du Vendredi 14 Septembre 1928 


Meeting of Friday, September 14, 1928 


La séance est ouverte à 11 h. 45. 
The Chairman reads the report of the Sub- 
Committee (°). 


L'assemblée applaudit l'offre généreuse de la 
General Electric Company of America, présentée 
par M. Snyder, et mettant gracieusement à la 


(4) Annexe 3, p. 41. 


disposition de 10. R. S. I. les appareils de me- 
sure. 


The Chairman remarks that no general com- 
ment on the report having been made, he pro- 
poses to vote on the resolutions of the Sub-Com- 
mittee. 

Ces résolutions sont admises à l'unanimité. 


He then proposes to examine how many sets 
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of apparatus should be alloted to each of the 
National Committees. 
Aprés un échange de vues, la Commission 
propose de doter : 
La Belgique et le Congo : de 
3 appareils. 


Les Etats-Unis : 
reils. 


de 6 appa- 


Pays La France (et Colonies) : de 
représentés 6 à 7 appareils. 
à l'Assemblée La. Grande-Bretagne : de 
Générale. 2 appareils. 


L'Italie : de 3 appareils (sous 
réserve de ratification). 
Le Japon : de 3 à 4 appareils. 
Les Pays-Bas : de 2 appareils. 


ce qui représente un total de 30 appareils envi- 
ron. 


M. Parkinson wants to know how much atten- 
tions the apparatus requires from laboratory 
personnel. 


M. le Président. — That of course, depends of 
the quality of the particular apparatus and we 
may be assured of the very high excellence of 
that to be provided. The experimental apparatus 
used in Great-Britain is very easily handled and 
requires no more than 20 minutes work per day 
from a scientific assistant and not more than one 
to one and a half hour per day from the tech- 
nical assistant entrusted with the maintenance 
of batterie... What does M. Snyder think about 
it? 


M. Snyder. — 1 agree with you. 


M. Parkinson suggests that the Вигсап of 
Standards should make use of apparatus for 
measuring on each of the six proposed frequen- 
cies. 


« 


M. van der Bilt. — Pour le travail à effectuer, 
devons-nous faire des observations de jour et 
de nuit; les vingt minutes dont parlait M. le 
Président s'appliquent-elles au jour et à la nuit? 


M. le Président. — The proposed apparatus 
world be а continuously recording one and the 
twenty minutes mentioned represents the time 
necessary for verifying the calibration and con- 
мапсу of the apparatus. This operation would 
normally be carried out at a convenient hour in 


the morning, probably between 9 a. m. and 
noon. No night work would therefore be invol- 
ver in connection with the recording scheme. 

| propose to the Commission that we should 
nominate a sub-commission to discuss with the 
Company the detailed design and production 
of the apparatus and to supervise its distribu- 
tion. 


Dr. Austin supports this proposal. 


Prof Appleton suggests that this Sub-Com- 
mission should be very small and should in fact 
be composed of the Chairman and M. Snyder. 


Cette proposition est adoptée. 


M. le Président. — We may now examine the 
third proposal. 


Capitaine Bureau en donne lecture : 


» TROISIÈME PROPOSITION. — II serait désira- 
ble que chaque pays, outre la station spécialc- 
ment équipée pour la mesure absolue de l'activité 
des atmosphériques, assure un enregistrement 
continu qualitatif de l'activité des atmosphéri- 
ques dans un certain nombre de stations (1 par 
100,000 km?). Cet enregistrement pourrait en- 
core se faire en utilisant la méthode Curtiss. Mais 
il nécessiterait des installations moins dispen- 
dicuses que la mesure en valeur absolue de l'ac- 
livité. 

» Pour compléter ces enregistrements, on 
pourrait utiliser dans chaque pays un certain 
nombre de postes récepteurs assurant un trafic 
régulier en leur demandant de noter heure par 
heure l'intensité et la fréquence des atmosphé- 
riques. On pourrait ainsi tracer pour chacun 
d'eux et pour tous les jours de l'année des cour- 
bes qui permettraient de déterminer approxima- 
tivement la varialion diurne. Ces courbes pour- 
raient être complétées par des indications rela- 
tives aux gènes causées au trafic par les atmo- 
sphériques. » 


M. Snyder. — This proposal may be accepted 
in view of the fact that the commercial stations 
normally take hourly records of the atmospheric 
disturbances and enter them in registers. 


M. le Président. — Consequently, the National 
Committees ought to ask commercial firms and 
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administrations to communicate to them the 
logs of atmospherics disturbance which form 
part of their normal traffic records. 

On the proposal for supplementary aural ob- 
servations I would sav that in Great Britain scien- 
tific investigation of atmospherics is almost 
entirely dependent on the Radio Research Board. 
Mr. O. F. Brown who is the secretary of that 
board may care to indicate the policy of the 
Board in this connection. 


M. Brown. — The policy of the Radio Research 
Board is to give financial support only to rese- 
arches of hight quantitative precision. This po- 
Џсу was adopted partly as a result of the incon- 
clusive results of prewar investigations by aural 
method. 


The Chairman proposes to divide the third 
proposal into two parts and to consider first the 
part dealing with the continuous recording rela- 
tive measurement bv the Curtiss method. 


M. Snyder. — I do not think it is desirable to 
collect these relative observations. The work 
of reduction would be enormous and the results 
of little value considering the doubtful scale 
value of the individual measurements. 

We must remember the very heavy work that 
will be involved in the great volume of dala 
provided by 30 or 40 stations carrying out abso- 
lute measurements. 


Capitaine Bureau. — L'objet de la proposi- 
tion est l'étude dans un pays déterminé des cor- 
rélations entre les phénoménes de propagation 
et les conditions météorologiques. Mais l'inten- 
tion n'est pas du tout de confronter ces résultats 
qualitatifs avec ceux des mesures absolues envi- 
sagées plus haut. 


M. Snyder. — 1 agree with this conception. 


M. le Président. — lt would therefore appear 
that although there mav be in some countries 
economical difficulties there is no objection in 
principle. As Captain Bureau has made it clear 
that this question is essentially а national onc 
for each country, cach National Committee 
should be asked to examine the question from 
their own point of view. 

As for the second part of the third proposal 
(utilization of results from stations handling 


regular traffic, we shall ask each National Corn- 
miltee to approach into contact with the com- 
mercial firme organisations and public admi- 
nistrations within their range. 

We have now to examine the fourth French 
proposal dealing with the distribution of the 
frequency bands within which the absolute mea- 
surements аге to be made. 

The list of frequencies put forward as the 
middle points of the bands of 25 cycles per 
second are as follows : 


12 000 Kc/scc.; 


4000 » ; 
1500 » ; 
130 » ; 
65 » ; 

20 » . 


Prof. Kennelly. — The frequencies seem some- 
what irregularly distributed. The scale of selec- 
ted frenquencies might the perhaps adopt а 
more regular progression. 


Capitaine Bureau. — И n’y a pas d'inconvé- 
nient à la modifier. Ces bandes ont été choisies 
parce que des observalions y avaient déjà été 
faites. 


M. le Président. — It is then the desire of the 
Commission that the sub-commission should use 
these suggested bands as a general guide in the 
final design of the installations, but that thev 
are authorised to re-distribute the bands in any 
wav that appears desirable. 


La séance est levée à 12 h. 30 et réouverte à 


15 heures. 
x kk : 


The Chairman reads the fifth French рго- 
posal : 

« Le Comité Francais propose qu'en vue d'ap- 
porter des documents nouveaux sur la portée des 
atmosphériques, il soit recommandé de diriger 
d'une facon générale les observations de telle 
manière qu'elles aboutissent à des tracés sur 
carles, mêmes rudimentaires, de courbes d'égale 
intensité des atmosphériques ct au tracé de cartes 
d'isochrones des variations rapides et importan- 
tes de l'activité des atmosphériques. » 


Aucune objection n'étant présentée, cette pro- 
position est adoptée. 
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The Chairman remarks that the proposals of 
the British National Committee (') were drafted 
after informal discussions between Captain Bu- 
reau and himself with a view to the embodiment 
of a common policy. 

« For this reason the essence of a considerable 
portion of them have already been dealt with 
in the discussions of the French proposals, and 
it is therefore unnecessary the review them in 
full detail. 

» The first proposal (Meteorological relations) 
is already included in the French proposals. 

» The second (Range of Atmospherics) and 
the third (Sources of Atmospherics) deal with 
radiogoniometric methods. Time does not per- 
mit of their discussion at this stage. Further dis- 
cussion of the radiogoniometry of atmospherics 
must be left over to another occasion. Mean- 


(1) Fascicule 2, annexe 3 


while, I may say that 1 have recently supervised 
the manufacture of two Cathode Ray Direc- 
tion Finders for the American Navy Department. 
It is to be hoped that the use for these instru- 
ments, in addition to those already in орега- 
lion in Gret Britain, may constitute a further 
important step in international observations on 
atmospherics. 

» The fourth proposal deals with the use as 
time marks of the syllables of a broadcast talk, 
the syllables interfered with by atmospherics: 
being marked on a typescript copy circulated in 
advance. This method involves the collabora- 
tion of amateurs and may therefore appropriatelv 
be left for consideration by Commission IV. » 


The Chairman thanks the Members of the 
Commission for their collaboration. 


La séance est levée à 15 h. 80. 


Travaux de la Commission de liaison avec les Opérateurs, 
Praticiens et Amateurs 


Papers of the Commission of Cooperation 
with the Operators, Practisers and Amateurs 


La Commission de Liaison qui a siégé à Bru- 
xelles, en 1928, était composée des savants sui- 
vants : 


The Commission of Cooperation which was 
held in Brussels, in 1928, was composed of the 
following savants : 


Angleterre: Dr. К. H. RAYNER, D. Sc. National Physical Laboratory. 


Belgique : 
États-Unis : 


France : 

çaise Radio-Electrique. 
Italie : 

Radiotélégraphie. 
Japon : 


Pays-Bas : 


Colonel B. E. M. WIBIER. 
Prof. A. E. KENNELLY, of the Harvard University. 
Ing. P. BRENOT, Administrateur-Directeur de la Société Fran- 


Prof. G. VANNI, Directeur de l'Institut Central Militaire de 


Prof. H. NAGAOKA, Professeur à l'Université de Tokyo. 
Prof. C. L. van per BILT, Professeur au Laboratorium voor 


Natuurkunde en Electrotechniek. Delft. 


Les séances de la Commission étaient prési- 
dées par M. le Prof” Vanni. 


The meetings of the Commission were presi- 
ded at by Prof” Vanni. 
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Séance du Mercredi 12 Septembre 1928 


Meeting of Wednesday, September 12, 1928 


La séance est ouverte à 15 h. 45. 


M. le Président. — Je remercie mes collégues 
de l'honneur qu'ils m'ont fait en me confiant la 
présidence de cette importante Commission. La 
sphére de la Commission, déjà vaste auparavant, 
a encore été augmentée par l'Assemblée Générale 
de Washington qui lui a confié la liaison avec 
les sciences connexes de la radio,et j'estime que, 
étant donnée l'importance des questions à étu- 
dier, il eut mieux valu confier la présidence à 
quelqu'un de plus capable que moi; quoi qu'il 
en soit, j'en accepte l'honneur et vous en remer- 
cie. 

Notre travail ne sera profitable que s'il est bien 
coordonné, il consiste à coordonner les travaux 
des radio-amateurs, et, chose plus difficile, à 
coordonner avec la radio, les travaux des scien- 
ces se rapportant aux phénoménes solaires. Quoi- 
que ces sciences soient, elles aussi, à leurs 
origines, il importe de remarquer qu'il y a 60 ans 
déjà le Pére Secchi avait entrevu la corrélation 
entre l'activité solaire et les phénoménes magné- 
tiques. 

Comme le temps donl nous disposons est 
limité, il convient d'entamer notre travail en éta- 
blissant un programme que je propose de sub- 
diviser comme suit : 

1° Liaison avec les amateurs, ce qui constitue 
l'ancien programme; 

2^ Liaison avec les sciences connexes, ce qui 
constitue la partie nouvelle de notre programme. 

Comme cela a été fait en 1927, il v aurait lieu 
d'établir un rapport sur l'activité des amateurs 
depuis 1997, mais malheureusement, les rensei- 
gnements nous font défaut, aussi, je crois qu'il 
serait plus utile et urgent d'étudier la deuxième 
partie de notre programme. 

Si vous acceptez ma maniére de voir, on pour- 
rait subdiviser cette partie elle-méme en trois 
chapitres : 

1. Corrélation entre la radio et l’activité so- 
Јатте; 


2. Corrélation entre la radio et la météoro- 
logie; 

3. Corrélation entre la radio et ta géophysi- 
que. 

D'autre part, dans le courant du mois de 
juillet, il s'est tenu à Leyde un Congrés d'Astro- 
nomie chargé d'étudier la relation entre l'acti- 
vité solaire et la radio. Je crois que le Général 
Ferrié a participé aux travaux de ce Congrès et 
'je serais heureux de le voir nous renseigner au 
sujet de ce qui a été fait à ce Congrés. 


Général Ferrié. — C'est avec plaisir que je 
donnerai satisfaction au Professeur Vanni, mais 
je dois d'abord faire remarquer que la division 
proposée par M. Vanni n'est peut-étre pas trés 
sûre. En effet, certains phénomènes de la météo- 
rologie et de la géophysique sont dus à des 
actions secondaires de l'activité solaire. 

Le Conseil International de Recherches a créé 
un certain nombre de Commissions mixtes com- 
prenant différentes sous-Commissions; en parti- 
culier il créa la Commission des Relations entre 
les phénomènes solaires et terrestres sous la Pré- 
sidence de M. Chapman. Cette Commission fonc- 
tionne depuis trois ou quatre ans. А la suite de 
sa première réunion qui eut lieu à Bruxelles, il 
у а deux ans, elle publia le compte rendu de ses 
travaux qui fut distribué aux Comités Nationaux 
де l'U. R. S. 1. 

Cette année, les travaux furent continués à 
Leyde et on est arrivé à la conception suivante : 
il ne faut pas espérer une solution rapide des 
problémes posés. En outre, on a admis qu'il ne 
suffisait pas que les divers spécialistes travail- 
lassent chacun de son côté, il faudrait des obser- 
vations simultanées, les phénoménes solaires 
étant extrémement rapides. Il faudrait créer des 
observations organisées de façon à observer 
simultanément la constance solaire, l’action des 
taches, la position des taches, l'ionisation de l'air 
el la propagation des ondes. C'est la partie diffi- 
cile du probléme qui, étant donné la question 
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financière, ne peut pas être résolue par nous, 
mais chacun dans notre pays nous pouvons agir 
pour que la question financière soit aplanie. En 
attendant les observatoires pourraient s'adjoir:- 
dre des spécialistes radio ou acquérir des appa- 
reils. 

Tout le travail fait à Leyde sera publié et dis- 
рае incessamment. 

En méme temps, ont élé émises certaines sug- 
„gestions intéressantes pour nous, felle celle de 
M. Stormer, auteur de théories sur les aurores 
boréales : certains phénomènes d'écho semblent 
montrer qu'il v a des échos qui arriveraient aprés 
une durée de l'ordre de quelques dixiémes ou 
тете de 1 ou 2 secondes, ces échos seraient pro- 
duits par des nuages d'électrons dans l'espace 
interstellaire. 

Si vous désirez plus de détails à ce sujet, je 
me tiens à volre disposition. 

Je tiens à ajouter encore quelques mots au 
sujet du Congres de Leyde. 

On s'est occupé de la couche d'ozone qui existe 
dans l'atmosphère à une hauteur de 50 km. On 
a rappelé qu'il existe également une couche oü 
la température s'élève et redevient celle de la 
terre, c'est la couche d'inversion de 1а tempé- 
rature; enfin, certains astronomes ont également 
trouvé une couche d'absorption, H existe peul- 
être des relations entre ces couches et celle de 
kennellv-IMeaviside-Nagaoka... H importe d'étu- 
dier Ја corrélation entre l'existence de ces cou- 
ches et l'activité solaire. 

La conclusion de cet exposé est. qu'il serait 
utile que notre Commission preune contact avec 
la Commission mixte pour savoir comment nous 
pourrions fui prêter notre concours. 

M. le Président. — Nu sujet de Та remarque 
faite par le Général Ferrié, j'ai uniquement pro- 
posé la subdivision en trois points pour faciliter 
notre travail d'aujourd'hui. 

Је me permets de demander au Général Ferrié 
St Stormer a eu des vérifications expérimentales 
de la suggestion émise. 


Général Ferrié, — Non, Stormer а seulement 
entendu dire que certains observaleurs avaient 
remarqué ces phénomènes. 


M. le Président. — П serait utile de se mettre 
en rapport avec Chapman pour l'étude des échos. 


Général Ferrié. — Il existe toute une categorie 
d'échos qui ne correspondent pas aux échos dé- 
calés du laps de temps nécessaire pour effectuer 
le tour de la terre. Si mes souvenirs sont bons, 
je crois qu'un expérimentateur a obtenu jusqu'à 
cinq échos ne correspondant pas au tour de la 
terre. И semble donc qu'il existe deux catégories 
d'échos bien différentes. | 


M. le Présidenl. — La proposition du Général 
Ferrié que notre Commission se mctte en rapport 
avec la Commission mixte me semble devoir ètre 
prise en considération. 


Dr. Rayner. — А few years ago a serious 
allempt was made through the Radio Research 
Board to obtain from amateurs assistance and 
information of value on various aspects of radio 
transmission, long distance reception, fading, 
elc. Very few results of any value were obtained; 
in these days results without a measurement of 
some kind can gencrally have but little valuc. 

It has been found, however, that if amateurs 
are provided with simple apparatus, good results 
mav follow. For instance, during the eclipse 
of the sun last усаг, some amateurs gave valu- 
able assistance in carrving out measurements of 
intensity of the reception of special transmis- 
sions organised ђу Professor Appleton and tlie 
British. Broadcasting Corporation, on behalf of 
the Radio Research Board. | 

In England discussions have been held be- 
{tween workers on radio transmission with such 
people as Sir Frank Dyson, Ње Astronomer 
Royal, Sir Arthur Schuster, Dr. Simpson of the 
Meteorological Office, Professor Chapman and 
Dr. Chree, and we have started with the study 
of correlation between magnetic phenomena and 
radio transmission. When an unusual magnetic 
disturbance is recorded at the Magnetic Labo- 
ratory at Eskdalemuir in Scotland, information 
is sent lo Teddington, and it is distributed to a 
number of workers and organisations. Опе 
result of this has been that it appears that cer- 
lain characteristics of long wave transmission 
are influenced. for a considerable number of 
hours after the occurrence of a magnetic distur- 
bance: and absence of correlation. as regards 
change of radio receplion may be due to the 
fact that the transmitting medium is already in 
its changed condition by reason of the effect 
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associated with one or more magnetic distur- 
bances which have occurred some time pre- 
viously. | 


Général Ferrié. — On admet que le phéno-: 


mène signalé par le Dr. Rayner est dû aux élec- 
trons émis par le soleil : le temps mis par les 
électrons du soleil à la terre étant environ de 
deux jours, plus exactement 45 heures. 

L'organisation signalée par le Dr. Rayner est 
tres intéressante. En France, nous avons une 
organisation semblable pour l'étude des phéno- 
mènes sismiques. Les postes de Bordeaux et F. L. 
émettent des bulletins météorologiques. 

Déjà en France, à Meudon, Deslandre a outillé 
son laboratoire d’astro-physique à l'aide de son- 
neries prévenant les observateurs des perturba- 
lions magnétiques. Мезпу a installé, également 
à Meudon, une série d'appareils pour effectuer 
des mesures radio. Nous avons donc là un exem- 
ple d'observatoire mixte; on devrait en organiser 
plusieurs, mais, en attendant, l'idée du Dr. Ray- 
ner est excellente et je l'appuie. 


Prof Nagaoka. — We possess a magnetogra- 
phic station in Kakioka not far from Tokyo. It 
was proposed to telegraph the coming of magne- 
tic storms to the Ministry of Communications; 
this one sends radiograms in Japan and in Co- 
rea. This service operated during two years, 
but it does not seems to give accurate informa- 
tions. 


Dr. Rayner. — 1 should like to add а few 
words to what I have said. In England there 
is an organisation for the study of the position 
of sources of atmospherics. | 

The direction of the source of an atmospheric 
is indicated on a Ка оде ray oscillograph, using 
a receiving circuit of two coils at right angles 
connected to the two pairs of plates of the oscillo- 
graph. With two such equipments, connected 
bv telephone, one at Slough near Windsor, and 
the other at Cupar in Scotland, about 800 kilo- 
metres apart, the source of atmospherics can be 
determined; and arrangements are being made 
to inform the Meteorological Office daily of the 
results of the observations. 


Général Ferrié. — Je propose que la Commis- 
sion émette un vœu à transmettre à l'Assemblée 


го 
Ce 


Générale, pour que des bulletins soient émis par 
radio dans différents pays sur l'activité solaire 
et les phénomènes radio-physiques, afin de nous 
permettre de réunir des observations sur la na- 
ture des orages magnétiques et sur les phéno- 
ménes qui les accompagnent. Ces bulletins 
seraient donnés, par exemple, en méme temps 
que les bulletins sismologiques et autres qui 
suivent les: signaux horaires. 

Je demande au Président de nous soumettre 
le texte d'un vœu et je propose que quelqu'un 
soit chargé d'établir un code pour la transmis- 
sion des bulletins. | 


M. le Président. — Je crois que la proposition 
du Général Ferrié ne rencontrera aucune objec- 
tion. ll conviendrait de déterminer quelle est la 
collaboration que nous pouvons attendre des 
amateurs. П y a aussi la question financière à 
envisager. Notre Union devrait étudier les 
movens simples, ne nécessitant pas de grandes 
dépenses et permettant de mettre des appareils 
entre les mains des amateurs.: On pourrait peul- 
être envisager de donner des appareils simples 
comme récompense aux amateurs les mieux qua- 
lifiés, qui nous communiqueraient des rensei- 
gnements intéressants. 


Général Ferrié, — Је crois qu'au début on 
pourrait se contenter de demander aux amateurs 
de suivre les bulletins transmis par les grandes 
stations, ils pourraient ainsi nous envoyer les 
résultats de leurs observations sur l'intensité des 
signaux recus, le fading, etc. La question des 
appareils, me semble-t-il, devrait étre remise 
à plus tard. 


Dr. Austin. — In America, the collaborated 
work with the astronomers is very close; the 
fading’s measurements made previously were 
begun again at the Harvard Observatory. Actu- 
ally the numerical results obtained during seve- 
ral years in my laboratory have been examined 
and they are of the same nature as those of 
Dr. Rayner. 


I think it is verv desirable to get the collabo- 
ration of amateurs, but disappointments are to 
be feared if some precautions are not taken. I 
would perhaps be good to form voung amateurs 
bv the help of persons skilled in the matter. 
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Capitaine Bureau donne quelques précisions 
sur la réception du bulletin météorologique émis 
chaque jour sur 75 m. par l'Amérique. 

« Ce bulletin a été recu réguliérement pen- 
dant toute l'année, dit-il, sauf un jour du mois 
de juillet dernier, оп un orage magnétique assez 
violent avait éclaté et où il n'a été recu ni à Ра- 
ris, ni à Brest, ni à Hambourg. 

» Depuis novembre 1927, aucune autre inter- 
ruption ne fut constatée. | 

» Nous avons, de plus, en France, une dizaine 
d'amateurs faisant des observations assez sérieu- 
ses. S'ils avaient été prévenus par radio ils eus- 
sent fait des observations du phénomène. » 


M. le Président. — А ce propos nous avons 


— 


observé quelque chose d'analogue en Italie, où 
les communications entre le Citta di Milano et 
San Paolo ont fait défaut du 7 juillet à 22 heures 
au 9 juillet à 4 heures (Temps de Greenwich). 


Prof Kennelly. — Considering the importance 
of the communications done on cooperation that 
have been reported, it would perhaps be useful 
if the Commission to formulated a recommen- 
dation for the cooperation of the U. R. S. I. with 
astronomers, meleorologists and geophysicisls. 


M. le Président. — Comme l'heure est avancée, 
je propose de lever la séance. La prochaine réu- 
nion aura lieu vendredi 14, à 15 h. 30. 


La séance est levée à 17 h. 5. 


Séance du Vendredi 14 Septembre 1928 


Meeting of Friday, September 14, 1928 


La séance est ouverle à 16 h. 40. 


M. le Président. — Notre temps étant trés 
limité, nous devrons nous borner à ne traiter 
que les questions les plus importantes. 

Je vais tout d'abord vous donner lecture de la 
traduction du vœu rédigé par le D' Rayner et 
relatif à la liaison avec les diverses sciences. 


« En considération de la complexité et de 
la dépendance mutuelle des phénoménes de 
radio transmission à ceux de la géophysique, de 
la physique solaire et de la météorologie, il a 
semblé que la collaboration des personnes qui 
cultivent ces sciences était nécessaire pour obte- 
nir un progrès satisfaisant. 

» Dans ce but, on est d'avis que des observa- 
lions simultanées des phénomènes se rapportant 
à ces sciences, seront de grande efficacité pour la 
solution de beaucoup de problémes importants, 
avant à la fois caractère théorique et pratique. 

» La Commission exprime le vœu que le Bu- 
гсап du Secrétariat. Général. de notre Union 
puisse étudier les moyens d'action. appropriés 
pour réaliser ce programme et obtenir la coopé- 
ration des différentes organisations scientifiques 
inlernationales de l'Union. » 


Je prie M. Le Corbeiller de donner lecture du 
texte original. 


Ing' Le Corbeiller donne lecture du texte ori- 
ginal rédigé comme suit : 


« It is resolved that, in view of the comple- 
xity and interdependence of the phenomena of 
radio transmission and those of geophysics, 
solar physics and meteorology, the mutual colla- 
boration between the workers in these sciences 
is necessary for their satisfactory development. 


» It is considered that simultaneous observa- 
tions of phenomena in these fields will be of 
great mutual assistance in solving many impor- 
tant theoretical and practical problems. 

» The Commission desires therefore to instruct 
the Secretariat to take such action as may be 
suitable to bring about cooperation with the cor- 
responding international organisations. » 


M. le Président. — Quelqu'un a-t-il une obser- 
vation à faire au sujet de ce texte? 


Dr. Rayner. — The translation of Prof" Vanni 


is better than my text, I propose to adopt the 
translation. 
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M. le Président. — Nous adopterons donc та 
traduction comme texle à présenter à l'Assem- 
blée Générale. 

Nous allons passer maintenant à une autre 
queslion : c'est l'étude des relations existant 
entre les phénoménes solaires et magnétiques. 

Le Général Ferrié a émis le vœu que l'on pu- 
blie à l'avance des bulletins d'informations géo- 
physiques à transmettre aux amateurs; ces bul- 
letins annonceraient le début des orages magné- 
tiques, les phénomènes météorologiques en gé- 
néral, les éclipses et autres phénomènes de ce 
genre. 

Quelqu'un a-t-il une observation à formuler 
à ce sujet? | 

Comme il n'y a pas d'observations, nous for- 
mulons le vœu que ces bulletins soient préparés 


et publiés. 


Général Ferrié. — ll faudrait que dans chaque 
pays les Comités Nationaux se mettent en rela- 
tion avec les observatoires d'astrophysique et de 
géophysique pour recevoir l'annonce des orages, 
. et s'entendent avec les stations d'émission pour 
la radio-diffusion des renseignements reçus; 
quelques stations suffiraient. 

I] faudrait également établir un code pour la 
radio-diffusion des bulletins. 

Peut-être le Secrétariat Général pourrait-il 
préparer le travail et le communiquer aux Co- 
mités Nationaux. 

En France, la station de Bordeaux pourrait 
bientót commencer des émissions de ce genre. 


Dr. Austin. — Could those formularies be sent 
at the same time as the meteorological formu- 
laries? 


Capitaine Bureau. — Il n'y a rien d'impossi- 
ble à cela, c'est une entente à réaliser. 
Parmi les bulletins météorologiques d'Amé- 


rique, deux sont spécialement destinés à l'Eu- . 


rope, ils seraient tout désignés. Il y а également 
les bulletins météorologiques d'Europe destinés 
à l'Europe. 


M. le Président. — Le deuxiéme point à exa- 
miner est l'élude des phénomènes météorologi- 
ques en général. M. le Capitaine Bureau a fait 
l'an dernier un trés remarquable rapport à Was- 
hington sur cette question; a-t-il eu des résultats 
du programme qu'il nous avait exposé? 


Capitaine Bureau. — J'ai étudié dans quelles 
conditions le programme établi à Washington 
pourrait étre réalisé, j'ai rencontré de grandes 
difficultés pour trouver des émetteurs convena- 
bles au point de vue de la stabilité, de la puis- 
sance, du prix, et pour lesquels on puisse avoir 
la certitude qu'ils restent semblables à eux-mé- 
mes pendant plusieurs années. Ces derniéres con- 
ditions ne sont pas remplies par les stations 
commerciales, il faut donc s'adresser aux labo- 
ratoires ou aux stations publiques. Une seule 
semble convenir actuellement, c'est celle de la 
Marine Américaine à Arlington. Cette station 
comprend quatre postes stabilisés au quartz et 
travaillant sur trois harmoniques (4 015 kc/s). 
La station. d'Arlington transmet des bulletins 
météorologiques journellement pendant un total 
de 4 à 5 heures. Depuis quelque temps le poste 
de Bellevue fait de plus des émissions sur 15 те- 
ires. | 

Je proposerais donc que le Secrétariat Général 
s'entende avec le Service des Communications 
de la Marine à Washington pour établir un pro- 
gramme d'émissions à transmettre aux amateurs 
du monde entier, c'est un programme plus res- 
treint que celui présenté l'an dernier, mais beau- 
coup plus réalisable. 


M. le Président. — Je suis d'avis de transmet- 
tre la proposition de M. le Capitaine Bureau au 
Secrétariat Général. 

Un des membres ici présent connait-il d'au- 
tres stations pouvant faire des émissions de ce 
genre? En formulant cette demande, je songe 
aux amateurs ne possédant pas d'appareils capa- 


bles de recevoir la station d'Arlington. 


Général Ferrié. — La création d'une station 
ayant une émission d'une grande constance est 
une ceuvre bien difficile, fort coüteuse et deman- 
dant beaucoup de temps. Nous espérons que la 
formation du Centre Scientifique dont on nous 
a parlé ce midi, pourrait nous permettre d'espé- 
rer la création d'une station semblable permet- 
tant de s'occuper de toutes les mesures intéres- 
sant nos travaux. 


M. le Président. — L'an dernier à Washington 
nous avons recu une proposition du Comité 
Anglais au sujet des relations avec la météoro- 
logie, on avait suggéré de fixer internationalc- 
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ment un jour par mois pour ces expériences; je 
demande ce qui a été fait à ce sujet. 


M. Watson Watt. — It was not found possi- 
ble to adhere accurately to the programme of 
one observation per month, and a alternative 
programme was adopled in accordance with 
which we had the collaboration of amateurs in 
various countries who had the double qualifica- 
tions of skill in meteorology and in radio recep- 
tion. 

The object of the observations carried out 
under the auspices of the Royal Metcorological 
Society was to note on a typescript circulated in 
advance, the syllables of broadcast talk on which 
were heard superposed atmospherics. This par- 
ticular tvpe of observation, involving the coin- 
cidence in time of two phenomena reaching the 
observer's ear, is peculiarlv suited for making 
effective use of amateur collaboration. We had 
observers in Norway, Germany, France, Spain, 
North Africa and Madeira in addition to the 
observers in Great Britain. The quantitative 
accuracy of the results obtained was far in excess 
of the Committee’s expectations, and the combi- 
nation with these observations of directional 
observations on the same atmospherics provided 
us with conclusive evidence as to the reception 
of atmospherics at great distances from their 
sources. The results of the radiotelegraphic 
observations have been collected and published 
in a preliminary report, but the Committec’s 
still engaged on ап examination of meteorolo- 
gical conditions at the times of observation, and 
it is hoped that a full report may be published 
in time for the next Assembly. 


M. le Président. — Nous arrivons au troisième 


— 


мали ic ni m Do ee 


point de notre programme, c'est-à-dire aux para- 
sites. 

Je me permets de demander les moyens les 
plus simples à mettre en œuvre pour permettre 
aux observateurs de résoudre le probléme de la 
détermination de la fréquence et de l'intensité 
des parasites et de la radiogoniométrie de ces 
parasites. Je demande l'avis de M. Watson Watt. 


Général Ferrié, — Cette question fait partie du 
domaine de la troisième Commission. 


M. le Président. — Je voudrais savoir parmi 
les méthodes employées quelle est la meilleure 
à préconiser pour les amateurs. П existe, par 
exemple, la méthode du signal interrompu, oü 
les signaux sont envoyés toutes les 20 ou 30 se- 
condes; on pourrait rapprocher les intervalles 
de temps. 


Dr. Austin. — 15 this method better than 
the one of the dictated text put forward by 
M. Watson Watt? 


M. le Président. — Jc n'ai pas comparé les 
deux méthodes. | 


Général Ferrié. — L'avantage de la méthode 
préconisée par M. Watson Watt est de ne pas 
nécessiter d'émissions spéciales. 


Dr. Austin. — I think that method would 
permit to the amateurs to note the interruptions 
more correctly. | 


M. le Président regrette de devoir terminer 
la séance, le temps dont la. Commission dis- 
posait étant épuisé, et remercie de leurs con- 
cours les membres de la Commission. 


Та séance est levée à 17 heures. 


Union Radio Scientifique Internationale 20 


— M и 


Travaux de la Commission de Radiophysique 


Papers of the Commission of Radiophysics. 


La Commission de Radiophysique qui a siégé 
à Bruxelles en 1928 était composée des savants 
sulvants : | 


Belgique : 


The Commission of Radiophysics held in Brus- 


sels in 1928 was composed of the following 
savants : 


Prof' DACOS, de l'Institut Électrotechnique Montefiore. 


États-Unis : Prof. A. E. KENNELLY, of the Harvard University. 


France : 


Ing. Ph. LE CORBEILLIER, D. Sc. 


Service d'Études et de 


Recherches Techniques de l'Administration des P. T. T. 
Ing. SALOMON de l'Administration des P. T. T. 


Italie : 
Radiotélégraphie. 


Japon : ` 
Pays-Bas : 


Prof. G. VANNI, Directeur de l'Institut Central Militaire de 


Prof. H. NAGAOKA, Professeur à l'Université de Tokyo. 
D" BALTH. VAN DER POL, du Natuurkundig Laboratorium der 


N. V. Philip's Gloeilampenfabrieken. 


Les séances de la Commission étaient prési- 
dées par M. le D' van der Pol. 


The meetings of the Commission were pre- 
sided at by Dr. Balth van der Pol. 


Séance du Mercredi 12 Septembre 1928 


Meeting of Wednesday September 12, 1928 


La séance est ouverte à 14 h. 45. 


M. le Président. — Га fondation de cette Com- 
mission fut décidée, il y a un an, à Washington, 
et des comptes rendus des séances il appert que 


tous les membres présents étaient d'accord pour 


constituer cette Commission qui devait étudier 
divers sujets ne rentrant pas dans le cadre 
d'étude des autres Commissions. 

Jusqu'à présent, le travail de cette Commis- 
sion n'a pas été tout à fait défini, et peut-être 
pourrais-je citer quelques sujets ou plutót défi- 
nir notre travail d'une facon plus précise, si 
cela vous agrée. Mais tout d'abord je crois qu'il 
faudrait discuter l'appellation à donner à cette 
Commission. 

Vous connaissez tous les raisons pour les- 


quelles la création de cette Commission fut déci- 
dée; de nombreuses questions à étudier n'en- 
traient dans le domaine d'aucune des quatre 
Commissions, par exemple, des sujets relatifs à 
la théorie des oscillations linéaires, des oscilla- 
lions non linéaires; des questions relatives à la 
détection, à la modulation, Ies cellules photo- 
électriques, etc. | 

Quelqu'un a-t-il une objection au nom donné 
à la Commission des Oscillations? 

J'ai entendu dire que certains délégués de 
l'Amérique lui avaient opposé quelques cri- 
tiques, le D' Kennelly pourrait peut-être nous 
les exposer? 


Prof. Kennelly. — I have not heard any offi- 
cial statement of objection against this name. 
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I have only heard the idea expressed in a gene- 
ral way that the name is not very distinctive and 
that since electrical oscillations entered into 
radio communications in a great variety of 
ways, that some more distinct name might be 
selected with advantage. | 


Ing. Le Corbellier. — Nous avons cherché 
mieux sans succés et nous avons pensé que per- 
sonne n'était plus qualifié que le Prof’ Kennelly 
pour trouver un nom convenable. 


Prof. Kennelly. — 1 do not like to make any 
suggestion at this moment, but if you will 
permit me to confer with some of the members, 
I shall be glad to take a decision at a later 
period. 


M. le Président. — Je crois que le mieux 
serait de récapituler les points que certains 
d'entre nous estiment devoir faire partie du 
domaine de la Commission V. 51 nous partons 
de l'idée d'oscillation, nous pouvons diviser le 
sujet de la facon suivante : systémes oscillants 
linéaires et svstémes oscillants non linéaires. 
Le premier groupe comprendrait l'étude des 
oscillations linéaires électriques, mécaniques, 
élastiques, acoustiques, ultra-sonores, les géné- 
rateurs et transformateurs linéaires et les trans- 
formateurs d'oscillations d'une espéce en oscil- 
lations d'une аште espéce hauts-parleurs, 
condensateurs parlants, quartz, appareils à ma- 


gnétostriction, etc. Comme systèmes du second 


groupe, nous pouvons citer : les générateurs 
d'oscillations à source d'énergie continue, les 
appareils contenant du fer, les changeurs de fré- 
quence, la détection, la modulation, etc. 

Ceci ne constitue qu'un schéma général et je 
demande aux membres présents de me donner 
leur avis sur le travail à effectuer par la Com- 
mission V. 

П est évident qu'une partie du travail confié 
à la Commission pourra empiéter sur le domaine 
de quelqu'autre Commission, je proposerai donc 
que des réunions avec d'autres Commissions 
soient envisagées. 


Prof’ De Donder. — Si j'ai bien compris, cette 
Commission aurait un caractère plutôt théo- 
rique, j'estime qu'il doit en être ainsi et que l'on 
peut espérer avoir de la sorte des vues plus 
hautes; je vois un intérêt profond à cette Com- 


mission, elle aura un but plus synthétique que 
les autres. | 

La science que nous étudions est en formation 
et fait de rapides progrès. Il y a pour nous un 
intérêt majeur à ne pas perdre contact avec une 
branche de la science qui se rattache très fort 
aux problèmes qui nous occupent et qui fait 
actuellement des progrès rapides; j'ai cité les 
théories des Sommerfeld, de Broglie, Schrodin- 
ger... qui étudient les radiations sous un point 
de vue nouveau. 

Je suis très enthousiaste du but proposé à la 
Commission des Oscillations, c'est une section 
indispensable, garante des multiples progrès qui 
se feront en radiotélégraphie. 


M. le Président. — Revenant sur le nom de la 
Commission, la revue « Experimental Wireless » 
comporte après diverses rubriques se rapportant 
aux différentes branches de la radiotélégraphie, 
une rubrique intitulée : « Non radio subjects ». 
Ce que vient de dire M. le Prof De Donder те 
porte à croire que notre Commission pourrait 
s'intituler elle « No yet Radio Subjects ». 

Il n'y a pas de doute que l'on a tout intérét 
à étudier des phénoménes plus généraux que 
ceux que l'on applique dans la pratique. Pour 
ma part, j'ai trouvé que je comprenais mieux les 
propriétés des triodes dans la région ordinaire 
aprés avoir porté, mettons, le potentiel de 
grille à 4- 100, celui de plaque à — 100 V. 


Prof. Appleton. — Although I am not a mem- 
ber of this Commission, I should like to sav a 
few words to state the reasons of the abstention 
of Great Britain. We do not find the need of this 
Commission on an international point of view; 
an international co-operation is not requisite to 
the improvement of the questions which have 
just been named. Thinking at the enumeration 
of subjects made bv the Chairman, it seems that 
a better name that « oscillations » could be give 
to the Commission. Some of the quoted sub- 
jects, photo electrical cells for instance, do not 
belong to the oscillations; a more general name 
could be used. I should like to see this Com- 
mission as an auxilarv of the others and parti- 
cularlv of Commission T. 


M. le Président. — А la premiére objection du 
Prof Appleton, je répondrai en lui rappelant 
que nous sommes une émanation du Conseil 
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International de Recherches qui juge utile une 
coopération internationale pour l'avancement 
des questions d'ordre tout à fait théorique, ou 
bien qui pourraient à la rigueur étre étudiées 
par des chercheurs isolés comme le prouve 
l'existence des Unions mathématique, physique, 
chimique, etc. 


Général Ferrié. — J'appuie l'idée de M. van 
der Pol et j'ajoute que les réunions que nous 
avons, permettent de nous connaitre les uns les 
autres, et d'échanger directement nos idées et 
nos vues sans aucun intermédiaire. Le Conseil 
International des Recherches l'a compris puis- 
qu'il existe d'autres Unions Internationales s'oc- 
cupant de sciences telles que la biologie, les 
mathématiques, ne nécessitant pas de collabo- 
ration internationale. 


M. le Président. — J'ajoute que je suis tout 
а fait d'accord avec le Prof’ Appleton au sujet 
du deuxiéme point qu'il a soulevé et je ne doute 
pas que nous arrivions à trouver un nom conve- 
nable pour la Commission. Peu importe le nom, 
le travail seul importe. 

Je n'ai pas entendu d'observations au sujet du 
plan que j'ai exposé il y quelques minutes; quel- 
qu'un aurait-il des remarques à formuler? 


Prof. Kennelly. — I have only to remark that 
the list is very broad and general at present, and 
so long as it leaves room for anv other material 
which may be found desirable and of the order: 
I see no objections whatever. 


M. le Président. — Le temps a passé et je me 
permettrai de faire encore une remarque: la 
V* Commission est actuellement constituée ct 
son travail est en cours, mais le Prof" Kennelly 
n'était pas à Bruxelles quand 1a constitution des 
Commissions fut faite, j'estime que celui-ci 
remplirait mieux que moi les fonctions de prési- 
dent et je le prie de bien vouloir me remplacer 
au fauteuil. 


Prof. Kennelly. — I appreciate very much 
this offer but I think that the important works 
of Dr. van der Pol name him particularly to 
fill the place of President. 


M. le Président. — Je remercie vivement M. le 
Prof Kennelly de son précieux témoignage. 
Nous suivrons donc le programme général. 


Je crois que vu l'heure avancée, la seule chose 
que nous puissions faire à présent, est de décider 
la date de la prochaine réunion. 


Dr. Hull. — I which to state that some mem- 
bers of the American delegation who are now 
present, asked me to bring up the question of 
nomenclature of vacuum tube constance and 
circuits and to get to know if the Commission 
would desire to include that among the topics 
to be discussed. 


M. le Président. — Je m'en rapporte à la 
longue expérience de M. Van Der Bilt. 


M. Van Der Bilt. — Le Comité Électrotech- 
nique International étudie cette question. Nous 
devons faire attention à ne pas empiéter sur le 
domaine d'autres Commissions scientifiques; 
cependant, lors de la prochaine réunion du 
Comité Électrotechnique, je pourrais proposer 
un travail en collaboration. 


Général Ferrié. — La question de la nomen- 
clature a été en effet étudiée au Comité Électro- 


technique, mais certaines de ses définitions nous 


ont paru donner lieu à quelques objections. 
Nous avons écrit pour exposer nos desiderata. 
Le Comité a décidé de nous consulter doréna- 
vant et de nous soumettre ses travaux en ce qui 
concerne la Radio-électricité. J'estime que la 
V* Commission pourrait utilement s'occuper des 
questions qui nous seraient posées par le Comité 
Électrotechnique. 

M. Van Der Bilt. — J'appuie la proposition du 
général Ferrié, j'ajoute que le Comité Électro- 
technique s'occupera aussi des symboles. 

Lors de la prochaine réunion du Comité qui 
aura lieu à Berne à la fin du mois, je proposerai 
au Comité de soumettre à РО. В. S. fJ. les sym- 
boles radio proposés. 

D'après moi, pour la détermination des sym- 
boles, il faut une collaboration étroite entre le 
C. E.I., le C. C. I. et l'U. В. S. I. 


M. le Président. — Je voudrais avoir l'avis du 
D' Dye à ce sujet. 

Dr. Dye. — I think that subject belongs to 
Commission V. 


M. le Président. — La Commission У accepte 
alors volontiers cette mission. 
Je viens de recevoir une communication du 
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Prof Manneback qui proposc comme nom de 
notre Commission « Commission de Radiophy- 
sique ». Nous pourrions y réfléchir et en repar- 
ler à la prochaine séance. 


— — — o — m n пеш — a и — - ~ 


Je propose de lever la séance. La prochaine 
réunion aura lieu le vendredi 14, à 14 h. 30. 


La séance est levée à 15 ћ. 30. 


Séance du Vendredi 14 Septembre 1928 


Meeting of Friday, September I4, I928 


La séance est ouverte à 15 h. 30. 


M. le Président. — Nous allons reprendre la 
question du nom à donner à la Commission. А 
mon avis, de toutes les propositions, la meil- 
leure me semble celle de M. le Prof” Manneback 
qui proposait de donner à la V° Commission le 
nom de « Radiophysique ». Qu'en pense M. le 
Prof" Kennelly? 


Prof. Kennelly. — In our sub-committee, we 
also thought the best name to give was « Radio- 
physics ». 


Dr. Austin. — I agree all the more that I had 
already proposed this name in 1927. 


Général Ferrié. — Je me rallie à la propo- 
sition bien que l'on pourrait y faire quelques 
objections : Іа radiophwsique comprend aussi 
l'étude d'autres phénomènes tels que les rayon- 
nements corpusculaires, les rayons Ñ, les rayons 
pénétrants, etc., mais en fait ceux-ci intéressent 
également la radiotélégraphie. 


M. le Président. — Nous prendrons donc 
comme nom celui de « Radiophysique ». 

Nous avons conversé entre nous ef pensé que 
deux ou trois sujets pourraient être mis en avant 
et discutés avec fruit à cette réunion. Un de ces 
problémes fut soulevé à la Commission de Pro- 
pagation des Ondes, et concerne la variation de 
la fréquence et de l'intensité d'un signal émis 
à fréquence et intensité constantes lorsque les 
propriétés locales du milieu transmissif ne sont 
pas constantes, On a fait observer à la Commis- 
sion de Propagation que lorsqu'on a à mesurer 
la variation de Та fréquence de réception, spécia- 
lement avec les ondes courtes, il est très impor- 
lant de s'assurer que la fréquence qui est réelle- 
ment transmise par l'émetteur est absolument 


constante, tout au moins dans les limites des 
possibilités techniques. Mais méme quand cette 
fréquence est constante, une variation des pro- 
priétés du milieu transmetteur en fonction du 
lemps, peut occasionner des variations au poste 
récepteur. Nous pouvons limiter notre étude à 
des approximations ayant un sens physique. Je 
pense que nous sommes tous d'accord pour 
admettre que ces variations des propriétés du 
milieu, particulièrement de u, геј s sont des 
fonctions du temps avant des variations autour 
de valeurs données. 

J'aimerais que quiconque s'intéressant à la 
question donnat son avis sur ce probléme. 


Prof. Appleton. — The very interesting pro- 
blem just mentioned, is similar to the one 
Fizeau studied a long time ago, problem in 
which he studied the interferences caused by 
the differences of phases of luminous rays ema- 
nated from the same luminous source and cros- 
sing dissimilar fluids such as air and water, in 


• . 4 LJ 
this case the quantity Vague interferes. 
-p 


Dr. van der Pol thinks perhaps to the per- 
manent phenomenon and not to the transitory 
phenomenon. 


M. le Président. — Ce que j'ai en vue est 


plutôt le cas où le milieu à nn e à peu prés соп- 
1 
stant, et où ———— З 
апі, Prec à cause de la présence de 
nuages d'électrons dans l’atmosphère, a une 
valeur variable entre certaines limites con- 
stantes; cette valeur étant une fonction du 


temps. 


Ing. Le Corbeillier, — Je comprends que les 
variations que vous envisagez pourraient être 
considérées comme dues au hasard et la répar- 
tition des amplitudes suivant la loi de Gauss. 
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Prof. Appleton. —- | see the problem and 1 
think that if we come back to the problem of 
Fizeau, we may look two cases over : in the first, 
the vibrations are longitudinal, the variations 
are due to the hazard, they do not alter the fre- 
quency but only the phase; in the second case, 
the vibrations are transversal and the waves are 
propagated perpendicularly with the speed of 
the medium, the frequence follows limited 
variations. 


Prof Manneback. — Je suis d'accord s'il ne 
s agit que de l'état de régime, encore pourrait-il 
y avoir, en deuxième ordre, un effet sur les 


amplitudes; mais si nous considérons le phéno- | 


mène transiloire, les relations seraient sans 


doute plus compliquées. 


Un membre de la Commission. — Ne pourrait- 
on rattacher les variations de fréquence que l'on 
observe au phénomène de Doppler? 


M. le Président. — Sans doute, mais il con- 
viendrait alors de donner à l'expression « phé- 
потепе de Dóppler » un sens assez large. Par 
exemple, si la source et la station d'observation 
sont toutes les deux fixes, mais qu'un miroir 
se déplace perpendiculairement à sa surface, 
cela revient à faire déplacer l'image de la source 
ou de la station dans ce miroir; on est donc là 
tout prés du phénomène de Dóppler. En géné- 
ralisant, on peut continuer à se servir du méme 
nom lorsque le miroir a un mouvement quel- 
conque et méme quand le « miroir » est une 


couche ionisée dont le coefficient d'absorption . 


est variable; mais nous sommes alors assez loin 
du phénomène primitif. 


Ing. Le Corbeillier. — Je suis bien d’accord 
avec ce qu'a dit tout à l'heure M. le Prof” Apple- 
lon au sujet des variations longitudinales. C'est 
ainsi que dans le probléme des pavillons de 
hauts-parleurs de section variable, ou celui, 
exactement équivalent, d'une ligne électrique 
dont les « constantes » linéiques L et C varient 
d'un point à un autre, le produit LC restant 
constant, on trouve qu'il v a entre l'entrée et la 
sortie des différences à la fois de phase et d'am- 
plitude en fonction de la fréquence; mais la 
fréquence est strictement conservée. Les varia- 
tions des propriétés du milieu, lorsqu'elles sont 
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longitudinales, conservent donc bien la fré- 
quence. 


M. le Président. — Il en est bien ainsi dans 
les cas que vient de citer M. Le Corbeiller, mais 
je crois que le probléme réel de la propagation, 
méme simplifié, est, beaucoup plus difficile. Il 
faudrait considérer, en effet, que la section du 
pavillon, ou le L de ја liene, ont en un point 
donné, autour d'une valeur moyenne détermi- 
née, de petiles variations fonction du temps. 
L'équation différentielle, sans cesser d’être li- 
néaire, aurail alors un coefficient au moins 
fonction de la variable temps, et vous savez que 
dans ces conditions la fréquence d'entrée n'est 
pas conservée. 


Prof’ Appleton et Ing. Le Corbeiller. — C'est 
très exact. 


Prof. Kennelly. — Concerning the study of 
the speed of propagation in the ionized layer, it 
scems 10 me that at the experimental point of 
view, there are two methods to use : first the 
method of interference between two wave trains 
having followed two different patlis, and second 
the method using echos. Perhaps the conditions 
are not alike in the two cases and new properties 
could be found by the study of the differences 
between the two methods. 


Prof Mesny. — M. le Président a demandé 
que nous tenions compte de la pratique, à ce 
point de vue les phénoménes transitoires ont 
une importance considérable. Les expériences 
de Rukop ont montré que pendant la propaga- 
tion il se produit parfois des variations dans la 
forme du rayon joignant l'émetteur Ou récep- 
teur, cela entraîne des variations de la longueur 
du chemin parcouru et par conséquent des 
variations momentanées des fréquences se tra- 
duisant à la réception par des variations de la 
note de battement qui sera instable, ce qui occa- 
sionnera une gêne pour la mesure de la fré- 
quence. Il nous a semblé que de telles varia- 
lions se produisent effectivement. Il doit d'ail- 
leurs étre bien entendu qu'il s'agit là de phéno- 
mènes transitoires, qui méritent donc d'étre 
étudiés. 

M. le Président. — L'heure s'avance et je serais 
heureux d'entendre discuter le probléme dans le 
cas des variations transversales. 
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Prof Mesny. — Si je comprends bien la pen- 
sée de M. le Président il s'agissait jusqu'ici du 
probléme dans lequel le chemin géométrique 
peut être considéré comme invariable; nous 
envisagerions maintenant le cas où les petites 
variations des propriétés du milieu auraient pour 
effet de déformer le chemin. Ce probléme esl 
celui-là méme auquel se rapportent les obserya- 
tions que je faisais à l'instant. 1 me рагай d'une 
grande difficulté analytique, mais il serait im- 
portant d'en avoir une solution au moins dans 
un cas particulier. 

Il faut d'ailleurs distinguer entre les variations 
lentes du type des variations diurnes, et celles 
très rapides qui ont été observées et qui peuvent 
provenir par exemple de l'arrivée soudainc d'un 
nuage d'électrons. Ces variations rapides met- 
traient sans doute en jeu la technique mathéma- 
tique des phénoménes transitoires. 


Prof Manneback. — On peut se demander en 
outre si les phénomènes transitoires du début et 
de la fin d'un signal, ne jouent aucun róle dans 
la propagation des ondes électriques. Dans la 
propagation le long des fils, ces phénomènes ont 
. d'autant plus d'importance que la ligne est plus 
longue, les pertes plus grandes et la fréquence 
plus basse. Dans l'atmosphére, les distances sont 
grandes, les pertes par absorption semblent 
relativement faibles et la fréquence des ondes 
est élevée. Les phénoménes transitoires ne pa- 
raissent donc pas avoir de l'importance dans la 
question qui nous occupe. 

Le long des lignes, les phénoménes transi- 
loires ont généralement pour effet de modifier 
l'amplitude, la phase et méme la fréquence des 
signaux. On pourrait ainsi s'attendre à une allé- 
ration de la modulation et méme de la fréquence 
au début et à la fin d'un signal transmis par 
ondes électriques. Cet effet parait négligeable, 
sauf peut-être le cas où le phénomène transitoire 
пе se trouverait pas dans l'émetteur mais bien 
dans le milicu méme de propagation; par exem- 
ple, si la densité des électrons libres dans la 
haute atmosphère était sujette à des variations 
incessantes et rapides. 


Ing’ Le Corbeiller. — Je crois qu'il faut dis- 
tinguer Jes phénomènes transitoires que l'on 
observerait à l'arrivée, méme si les propriétés 


du milieu ne varient pas, du fait que le milieu 


est dispersif; et ceux qui peuvent provenir de 
la variation des propriétés du milieu en fonction 
du temps. Enfin, le signal lui-méme comporte 
pratiquement au début et à la fin, une période 
transitoire. 


M. le Président. — Je voudrais passer mainte- 
nant à unc question à laquelle nous a fait penser 
la communication du Commandant Меѕпу : 
c'est l'étude de ce qui se passe réellement lors- 
que des ondes progressives se déploient le long 
d'un conducteur et arrivent à l'extrémité du con- 
ducteur. 

Le probléme est d'un intérét actuel, en raison 
des formes d'antennes qu'on a montées récem- 
ment en France. On admet actuellement pour 
les besoins de la pratique que la vitesse de pro- 
pagation le long d'un fil est indépendante de sa 
forme; elle est la méme si le conducteur est rec- 
tiligne ou s'il fait un angle. 

Certains se sont demandé ce qui se passait à 
l'extrémité d'une antenne verticale et si l'antenne 
quart d'onde est bien celle dont l'onde propre 
est égale à 4 fois la longueur de l'antenne. 


Prof Manneback. — Il y a longtemps que les 
expérimentateurs ont signalé que la distance 
entre l'extrémité libre d'un oscillateur linéaire 
(par exemple les fils de Lecher), et le premier 
nœud de courant est légèrement inférieure à un 
quart de longueur d'onde (« end effect »). Cela 
revient à dire que la distribution du courant et 
de la tension le long d'un oscillateur linéaire 
n'est pas exactement sinusoidale et que le champ 
électromagnétique dans le voisinage de l'oscilla- 
leur ne constitue pas rigoureusement un système 
d'ondes stationnaires. Il doit d'ailleurs en étre 
ainsi, sinon l'oscillateur ne гауоппегаії pas 
d'énergie. 

La question théorique qui se pose et, à notre 
connaissance, n'a pas encore été résolue, est de 
préciser le lien qui existe entre la distribution 
du courant sur une antenne et le mécanisme 
du rayonnement dans son voisinage. А grande 
distance, сопипе on sait, le rayonnement s'ob- 
tient trés approximativement en admettant une 
distribution sinusoidale du courant sur l'an- 
tenne. 


M. le Président. — Je remercie M. le Profes- 
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seur Manneback pour l'exposé qu'il vient de don- 
ner du probléme, nous espérons qu'il pourra le 
résoudre et qu'il publiera sa solution. 

J'aurais voulu aussi inscrire au programme 
le probléme intéressant des démultiplicateurs de 
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fréquence, mais vu l'heure avancée, je le signale 
à votre attention pour la prochaine Assemblée 
Générale. 


La séance est levée à 16 h. 25. 


ANNEXES 


ANNEXE I. 


REPORT TO COMMISSION Т ON RADIO FREQENCY STANDARDS AND MEASUREMENTS 


by Dr. D. W. DYE, F. R. 8. 


(National Physical Laboratory.) 


The general position regarding radio-frequen- 
cy standards and measurements shows steady 
progress in various directions, but there is not a 
great deal of published matter falling within the 
scope of the Conimission which has not already 
been referred to in the previous report to the 
Commission. 

The work carried on at the laboratory has 
included the maintenance of the tuning fork 
controlled multivibrator wavemeter together 
with the auxiliary apparatus necessary to the 
accurate measurement of frequencies up to 
60,000 kilocycles per second. A regular service 
of transmissions at sixteen different wave-lengths 
has been maintained and has been received 
satisfactorily not only in England, but also in 


various parts of Europe, in spite of the smallness : 


of the radiated power. 

А temperature-controlled piezo-electric oscil- 
lator circulated from one national laboratory to 
another at the instigation of the Bureau of Stand- 
ards was measured at the Laboratory and a 
report embodying all the measurements made 
in its journey out from and back to the Bureau 
of Standards has been received. The more 
complete details of the comparison will doubt- 
less be communicated in the corresponding re- 
port from the B. S., but it will suffice to state 
here that all the measurements indicate a mean 
divergence from the mean of only three parts 


in 10°, since this mean uncertainty includes the 
uncertainties of measurement at two laboratories 
and the uncertainty of frequency of the oscilla- 
tor. The agreement may be considered very 
satisfactory, and would appear to indicale that 
the more important national laboratories can 
measure ‘radio-frequency directly in terms of 
the unit of time to an inaccuracy no greater than 
the variability of any actual radio frequency 
standard. 

The second of an earlier type of piezo-oscilla- 
tor originally circulated from the B. S. was also 
measured, and at the same time measurements 
were made upon a series of vacuum mounted 
quartz resonators of the Giebe type, which were 
forwarded to the National Physical Laboratory 
with the American piezo-oscillator. 

АП these measurements also confirm the con- 
clusion that radio-frequency measurement is in 
a very satisfactory condition, such that given а 
suitably steady radio frequency source of апу 
kind its frequency can be measured to an accu- 
гасу of one or two parts in a hundred thousand 
without reference to апу actual standard of 
radio-frequency. 

The уегу great usefulness of quartz piezo- 
oscillators both as standards and for frequency 
control continues to attract considerable atten- 
tion. At the National Physical Laboratory the 
work has been partly theoretical and partly 


36 Union Radio Scientifique Internationale 


experimental. A fairly complete résumé of all 
the most important works on piezo-electric pro- 
perties is in an advanced state of preparation and 
should prove of considerable value. The work 
can never be complete, but has been brought to 
include work done up till the end of 1927. 


Theoretical studies of the relationships be- 
tween the electric and the dynamic properties 
and the equivalent network constants of reson- 
ators have been made, and a paper has been 
‘written on the subject. A theoretical solution 
to the mathematical case of the quartz oscillator 
and its associated electrical network has also 
been worked out, but has not been experiment- 
ally followed yet. On the experimental side 
much work has been done upon the development 
and use of an interference method for the exa- 
mination of the modes of vibration of plate- 
formed crystals of various shapes and thick- 
nesses. Demonstrations of the arrangement have 
been given, and a preliminary short paper is in 
course of preparation on the results obtained 
and on the possibilities of the method for further 
work. Numerous observations made on discs 
and rectangular plates of various dimensions 
have thrown much light upon the nature of 1he 
vibrations which occur. It has been found, for 
example, that the vibrations are nearlv alwavs 
complex, and usually consist of mixed longitu- 
dinal and flexural modes about axes which аге 
inclined at various angles according to the vari- 
ous dimensions of the plate. The longitudinal 
vibrations are also not simple in the case of that 
mode corresponding to the thickness of a plate, 
but are made up of a simple translational vibra- 
tion upon which is superposed a complicated 
pulsational mode producing standing waves on 
the surface. 


The work is illuminating the problem of the 
nature of the vibrations which can occur and is 
being actively pursued. The application of the 
piezo-electric crystal oscillator to the needs of 
various services has resulted in numerous circuit 
arrangements being devised to which the сгуз- 
als are applied in various wavs to secure power 
without undue risk of breakage and with inde- 
pendence of circuit and batterv variations. 


It cannot be said, however, that the use of 
such crystal control has grown at such a rapid 
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rate as might have been anticipated. There are, 
no doubt, drawbacks to the use of crystal control 
on account of the presence of two or more modes 


. Of vibration near together, so that either may 


ђе maintained, and sometimes the mode changes 
from one kind to another merely by change of 
temperature, thus giving a discontinuity which 
is very undesirable. These defects of the majo- 
rily of thin plates will doubtless be overcome 
when knowledge has been gained about the 
causes of the very mixed vibrations usually 
occurring in them. 

The alternative uses of magneto striction oscil- 
lators and of harmonic multiplication from 
lower frequencies is also receiving some atten- 
tion, but no information is vet available on 
these methods of realising accurate and constant 
radio frequency. 

Further work on the international measure- 
ments of frequency of short wave stations has 
nol proceeded very far yet, but will doubtless 
develop further quite soon now. The sugges- 
lion made at the Washington Conference to 
carry out measurements upon the short wave 
Naval station at Arlington should soon be capa- 
ble of demonstration as to suitability now that 
the station has inaugurated its lime service. 
The measurements will be attempted at the La- 
boratory shortly. In this connection it may be 


· possible to obtain information regarding quick 


variations in the path of travel of fhe waves by 
Observation of the fluctuations in frequency of 
the beat tone produced by interference with a 
perfectly steady local source. One of the dif- 
ficulties in such work internationally is to 
secure strict simultaneity of observations. 

There are now a considerable number of beam 
stations in existence in various parts of the 
world which could he used to advantage for the 
purpose of international comparison and for the 
object mentioned above as well as for the uni- 
fication of the frame of reference so that they 
all fit into their intended places in the spectrum 
of frequency. 


CURRENT MEASUREMENT. 


Some advances have been made towards the 
establishment of a basis of measurement of cur- 
rent at уегу high radio frequencies by Moullin. 
The method bas not vet been published, but a 
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demonstration of the apparatus has been given 
and a very short account of it given in « Experi- 
mental Wireless » of August 1928. The prin- 
ciple of the instrument is the attraction between 
two straight parallel conductors, one of which 
is fixed and the other moving. The principles 
of design and construction are such that all cor- 
rections can be calculated. The ammeter is 
suitable as a standard for currents of the order of 
2 amperes and for frequencies up to 20,000 kilo- 
cycles per second. Intercomparison between 
various possible methods of measuring extra 
high frequency currents should now be made. 
There are current transformer, condenser sub- 
dividing and electrodynamic methods available, 
but these have not been compared to the writer's 
knowledge, and much useful information would 
be gained ђу a carefully made series of tests at 
various frequencies. 


INDUCTANCE AND CAPACITY. 


It was felt that some international compari- 
sons of inductance and capacity should be made, 
and arrangements were accordingly made for 
the Bureau of Standards to send a subdivided 
condenser to the National Physical Laboratory, 
whilst the National Physical Laboratory under- 
took to send some fixed inductance standards to 
the Bureau of Standards. These proposals have 
been set on foot and the condenser has been 
received from the Bureau; the results of these 
comparison measurements will not be known 
till a later date. The measurements form the 
commencement of a regular series of such inter- 


changes, and it is proposed to recommend other 


countries to partake in such measurements if 
that is thought desirable. 


APPLIED MEASUREMENTS. — MEASUREMENT 
OF SIGNAL INTENSITY. 


Advances have been made in the methods of 
measurement of received signal intensitv, so 
that it now becomes possible in favourable cases 
to separate the two components in a received 
wave and to measure the phase angle hetween 
them. Such measurements should now be cal- 
led received wave analvsis measurements. 

The principles of the method now in use have 


been described by Hollingworth, « Journal of 
Scientific Instruments », January 1928.  Brief- 
ly, the operations consist in measuring the in- 
tensity in two coils oriented at 45" on each side 
of the geographical plane of propagation. The 
phase angle between these electromotive forces 
is also measured. The results obtained have 
confirmed previous results derived from pre- 
vious less accurate observations, and have 
brought to light further interesting pheno- 
mena. Preliminary results are given in a re- 
cent publication (Proc. Roy. Soc. A, June 1928). 
There seems no doubt that these more elaborate 
measurements will be fully justified and merit 
consideration by any other nationalities who 
may wish to participate in similar measure- 
ments. | 

In the field of short wave measurements, 
work is in progress along similar lines to those 
for the longer waves. The range of wave- 
lengths is from 25 to 65 metres. At these very 
short waves, owing to the rapid variations 
which occur, the necessary observations must 
be made simultaneously, which involves a de- 
sign quite different from that developed for 
long waves. | 

Other radio frequency measurements of indi- 
rect bearing on the more scientific aspect of the 
standards have been the development of a radio 
frequency bridge by which accurate measure- 
ments of the power factor and permittivity of 
insulating materials and of any capacity in ge- 


. neral may be measured. The bridge mav be 


used for the measurement of inductance also 
and for the determination of the impedances 
of internal valve circuits at radio frequencies 
пр to 1,500 kilocvcles per second. There seems 
little doubt that such methods in such measure- 
ments will ultimately displace all others on 
account of increased accuracy, greater speed 
and freedom from the necessity of great steadi- 
ness in the source of radio frequencv. 

Bridges have also been developed for the 
measurement of the various impedances of val- 
ves and of their mutual conductances at tele- 
phonic frequencies. These are indirectlv of 
value in radio frequency measurements. The 
uses of beat tone generators as sources of varia- 
ble telephonic frequency are also becoming 
more common on account of long range con- 
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veniently adjustable, purity of wave form and 
independence of the output load. These, though 
not directly concerned in radio frequency stan- 
dards and measurements, are nevertheless of 
importance in connection with the measure- 


ANNEXE Il. 


ment of those quantities such as capacity, in- 
ductance and effective resistance, which are 
themselves directly used in radio frequency 
measurements. | 


August 20, 1928. 


REPORT OF THE CHAIRMAN OF THE COMMISSION ON RADIO WAVE PROPAGATION 


by L. W. AUSTIN, 


Bureau of Standards. 


As it is less than a year since the meeting of 
the General Assembly of the Union in Washing- 
ton, the amount of material to be presented by 
the Commission on Radio Wave Propagation at 
this meeting is considerably less than that рге- 
sented in 1927. 

However, during the past year a number of 
important papers have been published which 
mark a very definite advance in our knowledge 
of wave propagation. 


STUDY or Downcowrnc WAVES. 


In England, Appleton and Ratcliffe (1) (5 
have carried on experiments in Peterborough on 
signals from London (about 80 miles distant) 
at a wave length of about 400 m. In a portion 
of the experiments, the receiving apparatus was 
rapidly shifted between an antenna and loop 
while at the same time the wave length at the 
transmitting station was continuously changed 
back and forth by about 10 m. in order to pro- 
cure definite phase relations, the change being 
repeated six times in twenty seconds. The 
photographic records of reception show that the 
angle of incidence of the downcoming wave 
varied very rapidly. In one case, two hours 
before sunrise the sine of the angle changed 
from 0.6 to 0.46 in 40 seconds. Such rapid 
changes can hardly be due to changes in the 
height of the Kennelly-Heaviside layer, but as 
the authors suggest, may be due to reflections 
from an uneven surface. In another part of 
their experiments, Appleton and Ratcliffe made 


(1) P. 40. 


use of the well-known loop and antenna uni- 
directional system. This svstem is balanced so 
as lo receive no signal from a certain station 
when no downcoming wave is present, and can 
be used to measure the downcoming wave when 
it appears. 


With this apparatus it was found that after 
a balance had been obtained in the daytime, 
large deflections in the galvanometer of the 
receiving apparatus were observed near sunset 
and that their amplitude increased as the night 
advanced. During the day the balance of the 
unidirectional system remained nearly соп- 
slant, indicating either no downcoming wave 
or one of very constant angle. 


When comparisons were made of reception 
on an antenna with that on a loop, it was found 
that most of the variations were proportional 
on the loop and antenna. This indicated that 
these. variations were not due to a change of 
angle but rather to a change of intensity. 
Changes in phase were also found to occur but 


were of less importance than the intensity 


changes of the downcoming waves. А com- 
parison of the abnormally polarized wave with 
the vertically polarized wave indicated that thev 
were not separate waves but were components 
of one which was ellipticallv polarized. 


Appleton and Ratcliffe (2) in another paper 
have determined the sense of rotation of the 
polarization. of the downcoming wave, for a 
wave length of about 400 m., experiments being 
made both with south-north and west-east trans- 
mission. [n these experiments, signals were 
received in succession on three loops, 45° apart 
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with the central loop pointed toward the trans- 
mitting station. In order to get a sufficient 
number of equations for the determination of 
all the variables, it was necessary to produce 
continuous slight changes in the wave length 
of the transmitting station. The resulting 
oscillograph curves of the reception showed that 
the downcoming wave was in general ellipti- 
cally polarized and that the sense of rotation is 
left-hander. This supports the supposition 
that the carriers in the upper atmosphere invol- 
ved in the refraction are electrons, acted upon 
by the earth’s magnetic field. 

J. Hollingworth (3) in England, working 
with wave lengths of 10,000 m. or more and at 
distances of 400-1,000 km., reports the fol- 
lowing : 1° During the night long-wave signals 
are moderately steady in intensity but with 
much abnormal polarization; 2" Before sunrise, 
when the sun reaches a point 7° below the hori- 
zon for a point midway between the transmit- 
ling and receiving stations, the conditions of 
polarization begin to change and the abnormal 
polarization decreases. This change seems to 


take place in two steps, the first of which, | 


lasting about 12 minutes, is very definite. Si- 
milar effects with increasing polarization take 
place about sunset; 3° During the day the reflec- 
tion coefficient of the downcoming wave is ge- 
nerally about 30 % of its night value though 
at times it falls to zero; 4" Hollingworth holds 
that it is probable that the changes in height 
of the Kennelly-Heaviside layer, between night 
and day are slight. He also holds that absorp- 
tion of the downcoming wave in the region 
below the refracting layer is responsible for a 
large share of the observed variations in inten- 
sity; 9° For distances below 400 km. the дау- 
light reflection coefficient is usually zero but at 
times rises to 0.4; 6° The downcoming wave 
always appears to be abnormally polarized both 
day and night, but no marked changes are 
observed at sunrise or sunset; 7? The effective 
height of penetration of the wave in the upper 
atmosphere appears to be about 150 km. 
Observations at the Bureau of Standards in 
Washington, which are based on approximately 
200 continuous recorder records of the reception 
òf long-wave signals from distances less than 
700 km. on an antenna and on a loop, and also 


numerous observations on a unidirectional cir- 
cuit support the view that mosl of the changes 
in intensity in radio signals, especially in sum- 
mer, are due to absorption rather than to a 
change in the angle of the downcoming wave. 
Changes in angle, when present, more com- 
monly occur in the cooler months and often 
with very large and rapid variations, sometimes 
even, indicating a wave coming down from the 
back. This can be explained either by reflec- 
tion from an irregular surface or by refraction 
in a medium of very unevenly distributed ioni- 
zation. The coupling balance of the unidirec- 
tional circuit varies from time to time, indi- 
cating changes in the angle of the downcoming 
wave even in the daytime, although during the 
warmer months it seems at times to remain 
constant both night and day for considerable 
periods. 

Dr. A. H. Taylor and Mr. L. T. Young (4) of 
the Naval Research Laboratory, Bellevue, D. C., 
have observed some very curious effects in con- 
nection with the so-called echo signals. [n 
looking for round-the-world signals from Rocky 
Point, L. I. = 20,000 kc.) distant about 430 km 
from Washington, they noticed what appeared 
(о be retarded signals which had reached 
Washington by some shorter path than the 
great circle distance round the world. An enti- 
rely satisfactory explanation of this phenome- 
non has not been found. Taylor and Young 
have tentatively suggested either a reflection 
from the heavily ionized region near the magne- 
tic pole, or scattered back reflections from 
mountainous regions in the zones of reception 
beyond the skip distance region. These ob- 
servalions perhaps indicate that the absence of 
skip distance, noticed by Capt. Staut in Senegal, 
which has been confirmed by commercial орс- 
rators in tropical Africa, may be a similar phe- 
nomenon. 


ConnELATION OF RADIO TRANSMISSION 
WITH OTHER NATURAL PHENOMENA. 


Temperature and Barometric Pressure. — G. 
W. Pickard (5), in America, has carried out 
experiments of night reception in the broadcas- 
ting range which indicate that signal strength 
is directly related to temperature, maximum 
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reception being associated with maximum tem- 
perature and vice versa. This is the reverse of 
the observations of Austin and Wymore, who 
found that for long-wave day signals, coming 
from moderate distances, falling temperature 
improved the reception. In this connection it 
may be noted that solar activity and magnetic 
storms also produce opposite effects on radio 
transmission at night and in the daytime. In 
Mr. Pickard's work, near Boston, the transmis- 
sion was from Chicago 1,400 km. distant. In 
this case it was found that the temperature in 
Boston was far more important than the Chi- 
cago temperature or the average temperature 
along the transmission path. 

A correlation was also found between re- 
ception and barometric pressure, the signal 
strength increasing when the low pressure areas 
passed the receiving point, and decreasing at 
the time of high pressure. 


Solar Activity and Magnetic Storms. — C. N. 
Anderson (6) of the Xmerican Telephone « Tele- 
graph Company, has given an extended discus- 
sion of the whole subject of the correlation 
between solar activity, terrestrial magnetism, 
earth currents, and radio transmission, in 
which he makes a special study of the signal 
measurements of the A. T. and T. in connection 
with the establishment of the transatlantic tele- 
phone service. From these observations he 
concludes that, while there is an unmistakable 
correlation between these phenomena in the 
broad movements corresponding to the 11-year 
solar cycle, yet in the deviations from this broad 
trend the correlation is small. 


Direction VARIATIONS OF RADIO SIGNALS. 


R. L. Smith-Rose and 5. R. Chapman (7) in 
England have published a study of the apparent 
direction variations of rotating beacon trans- 
milters. 

They find that night errors in bearings ob- 
tained from a radio beacon are often very large 
when the signals are received on a loop but are 


= mn — ÓÀ —À 


very much reduced in the case of reception on 
a vertical antenna. This is of course to be 
explained from the fact that a vertical antenna 
does not respond to horizontally polarized 
waves, and is in agreement with the results 
obtained at the Bureau of Standards when a 
verlical rod is used as an antenna on an air- 
plane in connection with a cross coil beacon. 


H. T. Friis (8), in America, has carried on 
interesting directional experiments on 16 m., 
transatlantic signals. His method depends 
upon the beat effect of two received signals, one 
from a local source and one from a distant sta- 
tion, received on two spaced receivers with 
their respective antennas. The beat note out- 
puts of the two receivers are connected to the 
deflection electrodes of a Braun cathode ray 
oscillograph so that the resulting figure shows 
the phase difference at the two receiving points. 
By placing the two receivers a third of a wave 
length apart at right angles to the direction of 
propagalion, direction variations in the hori- 
zontal plane can be observed; while by placing 
the two in the direction of propagation, the 
vertical angle can be measured. Variations 
amounting to 30° in the horizontal angle were 
noted, and at times the vertical angle varied 
from 0° to 60°. | 
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ANNEXE Ill. 


COMMISSION III. 


REPORT OF THE MEETING OF THE SUB-COMMITTEE 
HELD ON WEDNESDAY, 12th SEPTEMBER 1928. 


by L. W. AUSTIN. 


Present : Messrs. Bureau, Kennelly, Parkin- 
son, Snyder, Watson Watt. 


The Sub-committee recommends to the Com- 
Mission : 


а) That the general study of the distribution 
in the radio spectrum of the energy of atmos- 
: pheric disturbance should be undertaken fort- 
with. 


b) That the quantity to be measured should 
be the mean field strength, expressed in micro- 
volts per metre, of the atmosphere within speci- 
fied frequency bands, the mean to be measured 
over a period of time to be specified. The field 
strength should be referred to that electromo- 
live force of the mid-frequency of the frequency 
band, introduced from a local source into the 
antenna circuit, which gives the same deflec- 
поп of the ultimate recording instrument. 


c) That the apparatus used in all countries 
Гог this measurement should be vigorously 
identical, and that the identical aerials used 


—————————————————ÀÀÀÀÀ 


should be symmetrics T-antennas of a single 
wire, 50 m. long and 20 m. high with a coup- 
ling resistance of 20,000 ohms. 


d) That the detailed design and specification 
of a recordy apparatus to operate simultaneous 
on six’ frequency bands should be prepared by 
Messrs. Snyder and Watson Watt. 


e) That the frequency bands first explore 
should lie between 1,000 kc. and 20 kc. but that 
(ће apparatus should be capable of operating 
on 20,000 kc. and that recording in the higher 
frequency bands should be regarded as of 
extreme urgency. 

f) That a constant band width of 25 cycles 
is desirable throughout the installations. 


g) That the generous offer, conveyed bv 
M. Snyder, that the General Electric Company 
of America will provide, free of cost to the 
О. R. 5. I. and its constituent National Commit- 
tees, the installations required for these measu- 
rements, should be accepted, and, that the 
thanks of the Commission for this undertaking 
should be recorded. 


Bruxe:les. — Imp. Hayes, rue de Louvain, 112. 
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INTRODUCTION 


L'Assemblée Générale de ГО. R. S. E, tenue 
en mai-juin 1931 à Copenhague, comportait, 
outre l'Assemblée Générale proprement dite, des 
séances des cing Commissions de lU. R. 5. I. et 
des séances publiques. 

Les séances plénières ainsi que les séances 
publiques furent présidées par M. le Général 
Ferrié, Président de lU. R. S. I. 

Les délégués officiels des pays adhérents 
étaient les suivants : 


Belgique: MM. l'Ingénieur R. BRAILLARD, le Profr E. DI- 
VOIRE, le Dr R.-B. GOLDSCHMIDT, le Profr CH. MANNE- 
BACK et l'Ingénieur J. MARIQUE ; 


Danemark : MM. l'Ingénieur K. CHRISTIANSEN, le Profr 
KNUDSEN, le Profr LA COUR, le Profr A. LARSEN, le 
Profr Dr P. O. PEDERSEN, le Dr V. POULSEN et l'Ingé- 
nieur SCHOU ; 


Etats-Unis d'Amérique : MM. le Dr L. W. AUSTIN, L. A. 
BRIGGS, le Profr Dr CHAFFEE, le Dr J. H. DELLINGER, 
le Major-Général G. O. SQUIER et le Dr W. WILSON ; 


Franoe: MM. le Général а. FERRIE, P. BRENOT, le Com- 
mandant R. BUREAU, le Profr R. JOUAUST, le Colonel 
L. JULIEN, flingénieur M. LATOUR, l'Ingénieur LE 
CORBEILLER, le Profr R. MESNY et l'Ingénieur E. PI- 
CAULT ; 


Grande-Bretagne : MM. le Profr E. V. APPLETON, le Profr 
S. CHAPMAN, le Dr D. W. DYE, le Dr R. L. SMITH- 
ROSE, le Dr E. H. RAYNER et le Dr R. A. WATSON- 
WATT ; 


Italie: MM. le Lieutenant-Colonel F. AMOROSO, l'Ingénieur 
C. BACCHINI, le Commandant Ingénieur T. GORIO, le 
Major Chevalier A. MARINO et le Commandant Cheva- 
lier U. RUELLE ; 


Japon : MM. le Capitaine M. HATTORI, l'Ingénieur Y. ITOW, 
l'Ingénieur Y, KUSUNOSE, le Dr H. NAGAOKA, l'Ingé- 
nieur T. NAKAGAMI et le Lieutenant-Commandant TANI; 


Pays-Bas : MM. A. DUBOIS et le Dr B. VAN DER POL; 


Suède : M. le Profr PLEYEL; 


Suisse : M. le Dr Ingénieur LUGEON. 


L'Allemagne n'était pas représentée officiel- 
lement à l'Assemblée, mais M. le Professeur 
D' K. W. Wagner v représentait les milieux 
scientifiques allemands. 


Le Secrétariat Général était représenté par 
M. le D' R. B. Goldschmidt, Secrétaire Général 
ct le Capitaine Dorsimont. 


Séance inaugurale du lundi 28 mai 1931 


Opening Session, Thursday, May 28, 1931 


M. le Prof’ P. О. PEDERSEN ouvre la session et 
prononce l'allocution suivante : 


MONSIEUR LE PRÉSIDENT, MESSIEURS, 


J'ai l'honneur, au nom du Comité Danois, de 
souhaiter à tous les membres de l'Union Radio- 
Scientifique Internationale une très cordiale 
bienvenue. 

Le nombre et l'étendue des réunions interna- 
tionales а été en augmentant continuellement 
pendant ces dernières années et cet essor a été 
considéré de bien des cótés avec un peu de scep- 
ticisme qui n'est peut-être pas entièrement injus- 
пе. Toutefois, en ce qui nous concerne, le cas 


est clair et net : les problèmes mêmes dont nous 
nous occupons, comme par exemple la propa- 
gation des ondes radio-électriques, ne peuvent 
absolument pas étre résolus nationalement, mais 
exigent, vu leur nature, une collaboration inter- 


nationale. Je serais méme tenté de dire qu'il 


serait désirable que nous entrainions dans cette 
collaboration quelques-unes des autres planétes, 
mais, malheureusement, je crois que nos chan- 
ces sont minimes sur ce point. J'ose en tout cas 
espérer que les nations qui ne se sont pas encore 
ralliées à notre Union le feront sans trop tarder. 

Pour terminer, j'exprime des vœux ardents 
pour que l'Assemblée de PU. R. S. I., qui nous 
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réunit aujourd'hui, puisse encore marquer à son 
actif une somme importante de travail utile et 
fécond pour la radiotechnique. 

Enfin, j'ai l'agréable devoir de prier notre 
Président célèbre, M. le Général Ferrié, de vou- 
loir bien accepter, dés maintenant, la présidence 
de cette réunion. 


M. le Président répond aux souhaits de bien- 
venue qui lui sont exprimés ct dit combien tous 
les assistants sont heureux d'étre réunis à Copen- 
hague sous la présidence d'un savant éminent 
tel que le Prof” Pedersen ct avec le concours du 
célèbre Prof" Poulsen. Il faut remarquer que la 
tâche imposée à lU. R. S. I. est particulière- 
ment difficile attendu qu'elle s'adresse à des 
phénomènes fugitifs et sans cesse variables qui 
exigent, pour étre observés, une collaboration 
internationale. | 

П cite l'exemple de la recherche par Schwabe 
de la périodicité des phénoménes solaires ct 
espére qu'avec les méthodes scientifiques actuel- 
les et la coopération mondiale, la recherche des 
périodes de variation des phénoménes de la 
radiotechnique donnera plus rapidement des 
résultats satisfaisants. 

П passe ensuite la parole au Secrétaire Géné- 
ral, M. le D' R. Согоѕсимірт, et le prie de don- 
ner lecture de son rapport. 


RAPPORT DU SECRÉTAIRE GÉNÉRAL 
SUR L'ACTIVITÉ DE L’U. R. S. I. 
DE 1928 A 1931. 
REPORT OF THE GENERAL SECRETARY 
ON THE ACTIVITY OF THE U. R. S. I. 
FROM 1928 TO 1931. 


Depuis l'Assemblée Générale qui s'est tenue 
à Bruxelles en septembre 1928, l'U. R. S. I. a 
continué à déployer une grande activité, ainsi 
qu'il ressort du nombre et de la valeur scienti- 
fique des rapports et des travaux dont le Secré- 
lariat Général a été saisi et qu'il a mis en 
circulation ('). 


Pays adhérents. Lors de l'Assemblée Géné- 
rale de 1928, le nombre de pavs adhérents était 


(!) Annexe I, p. 7. 


de 11, à savoir : AUSTRALIE, BELGIQUE, ÉTATS- 


Unis, FRANCE, GRANDE-BRETAGNE, ITALIE, JAPON, 


NORVEGE, Union Sup- 
AFRICAINE, 

Quatre nouveaux Comités Nationaux ont été 
constitués depuis dans le cadre des statuts pré- 
vus par le Conseil International de Recherches, 
el nous avons été heureux de pouvoir notifier 
leur adhésion en attendant que celle-ci soit rati- 
fiée par le Comité Exécutif. 

Les nouveaux pays adhérents sont : le DANE- 
MARK, la NouvELLE-ZÉLANpE, la Suisse et la 
SuEDE. Je suis cerlainement votre interprète en 
saluant et en souhaitant la bienvenue aux délé- 
gués de ces Comités. 

Nous avons eu, par contre, à déplorer l'élimi- 
nalion d'un Comité National dont la collabora- 
tion nous avait toujours été précieuse, le Comité 
National Australien, qui a été dissout en raison 
des difficultés financières considérables que ren- 
contre actuellement ce pays. Convaincus d'avoir, 
ici encore, été vos interprétes, nous avons trans- 
mis aux éminentes personnalités qui compo- 
saient ce Comité National, les vifs regrets que 
ГО. R. S. I. ressent en perdant leur collabora- 
tion et nous les avons assurées que lorsque, par 
suite de circonstances nouvelles, le Comité 
National Australien pourra étre reconstitué, 
notre Union sera heureuse de renouer des rela- 
tions auxquelles elle attachait le plus grand 
prix. 

Nous vous proposons, par mesure exception- 
nelle, de continuer en faveur des membres du 
Comité National Australien, et à titre personnel, 
la communication des documents et des corres- 
pondances générales de lU. R. S. I. En agissant 
ainsi, non seulement nous marquerons aux 
savants australiens l'importance que nous atta- 
chons à leur appui, mais nous faciliterons, en 
même temps, la reprise effective d'une collabo- 
ration internationale avec eux lorsque les cir- 
conslances se présenteront plus favorablement. 

Quoiqu'il en soit, la progression du nombre 
de Comités Nationaux affiliés à notre Union 
témoigne de l'intérét qui se rattache à ses tra- 
vaux et constitue un encouragement en faveur 
de leur pousuite et de leur développement. 

Le Secrétariat Général continue, d'autre part, 
par les négociations déjà entamées à Washing- 
lon en vue d'obtenir d'autres adhésions. 


Pays-Bas, PORTUGAL, 


À Union Radio Scientifique Internationale. 


MU EUM EE mr Tee MEE LL COME SE 


Réunions tenues par PU. R. S. I. depuis 1928. 
— LU. RS. Il. a participé effectivement aux 
travaux du Comité Consultatif International 
Technique des Communications Radioélectriques 
(C. C. V. R.) qui s'est réuni à La Have en sep- 
tembre 1929. Grace à Vaimable intervention de 
nos collégues du Comité National. Néerlandais, 
notre Union a pu ètre représentée à La Have par 
une délégation composée de notre Président, 
M. le Général Ferrié, et de votre Secrétaire Géné- 
ral, ainsi que de plusieurs personnalités apparte- 
nant aux différents Comités Nationaux et. au 
Secrétariat Général. 

Plusieurs membres de Ја Commission finan- 
cière s'étant trouvés réunis à cette occasion, 
celle-ci a pu procéder à des délibérations dont le 
compte-rendu a été envoyé aux différents Comi- 
tés Nationaux. 

En aout dernier, grace à l'initiative de M. le 
Prof Kennelly, Président де la IV^ Commission, 
celle-ci a tenu à Stockholm, à l'occasion de la 
ТУ“ Assemblée Générale de l'Union. Géodésique 
et Géophysique Internationale, une réunion fruc- 
tueuse dont vous avez eu également les comptes- 
rendus. 

Selon les décisions prises à Bruxelles en 192%, 
une Assemblée Générale devait être tenue en sep- 
tembre 1930; les réunions auraient eu lieu par- 
tiellement en Belgique et partiellement en Hol- 
lande. Des circonstances ultérieures, ап sujel 
desquelles les membres du Comité Exécutif ont 
élé consultés, ont amené celui-ci à postposer de 
huit mois cette Assemblée, à laquelle plusieurs 
de nos éminents collegues eussent été empéchés 
de se rendre. | 


Bibliographie. — Ainsi qu'il résulte d'un rap- 
port spécial (), l'étude du développement des 
services de bibliographie a été poursuivie. 

L'envoi des références bibliographiques four- 
nies par les Comités Nationaux а été effectué 
réeuliérement. 

Nous devons remercier de Jeur précieux 
apport, ceux de ces Gomités qui ont bien voulu 
consacrer un soin toul particulier à nous docu- 


menter. 


(1) Annexe H, p. 9. 


Travaux des Commissions. -— Un travail inter- 
nalional, d'une importance considérable, s'est 
poursuivi au sein des différentes Commissions. 
Vous noterez notamment, avec une satisfaction 
particulière, l'organisation, aujourd'hui acquise, 
de l'envoi des « Ursigrammes ». De tels résultats 
donnent la mesure de l'importance d'un orga- 
nisme comme le nôtre et évoquent les réalisa- 
lions qu'il est encore зизсер је de fournir dans 
l'avenir. 

Nous devons témoigner aux Présidents des 
Commissions ainsi qu'aux Membres de celles-ci, 
notre trés vive reconnaissance pour le dévoue- 
ment qu'ils ont montré en apportant à ces tra- 
vaux le concours de leur science si profonde et 
si hautement estimée. | 

Par applicalion des décisions prises à Bru- 
xelles, en 1928, les Commissions ont été recon- 
slituées et vous avez pu apprécier Ја valeur des 
concours qui leur ont été apportés, Les listes 
indiquant la constitution de ces Commissions 
vous ont élé communiquées. 

Les travaux des Commissions faisant l'objet 
de rapports spéciaux, il ne nous parait pas néces- 
saire d'en faire, ici, la relation. 


Relations avec d'autres organismes scientifi- 
ques, — Il у a licu de signaler : 

Les travaux relaiifs à l'éclipse du 9 mai 1929, 
qui ont fait l'obiet de diverses communications; 

La participation de FU. B. S. IJ. aux travaux 
de la Commission Internationale де ГАппсе 
Polaire de 1932-1933. Cette question sera exanii- 
псе par la présente Assemblée; 

Les relations de FU. R. S. 1. avec. l'Union 
Internationale de Géodésie et de Géophysique; 

Celles avec l'Union. Internationale d'Astrono- 
mic el en particulier avec la Commission des 
iclations entre les Phénomènes solaires et ter- 
restres; l'Assemblée aura notamment à ratifier 
la désignation de notre Président, comme repré- 
sentant de notre Union au sein de cette Com- 
mission. 


Nouveaux statuts de PU. R. S. I. — Les statuts 
de l'Union avaient élé remaniés à l'occasion de 
l'Assemblée Générale de 1925; le projet de texte 
communique à tous les Comités Nationaux ainsi 
qu'au Conseil International de Recherches, n'a 
fail. l'objet d'aucune observation, Néanmoins, 
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nous vous prierons de bien vouloir ne pas соп- 
sidérer ce texte comme définitivement adopté, 
le Conseil International de Recherches élaborant 
de nouveaux statuts. pour le mois de juillet 
prochain. 

Cependant, en raison de l'orientation nouvelle 
dans laquelle nous semblons devoir nous enga- 
ger pour ce qui concerne Ја constitution des res- 
sources de notre Union, lavant-dernicr para- 
evaphe de l'article 18 devra. vraisemblablement 
ètre modifié, pour que la cotisation annuelle 
besoins 


unitaire des corresponde aux 


aclucls. 


pays 


Rapports avec le Comité Consultatif Interna- 
tional Technique des Communications Radio- 
électriques (C. C. I. R.), institué par la Confe- 
rence Internationale Radiotélégraphique de Was- 
hington en 1927. — L'organisation des rapports 
Че FU. R. S. I. avec le C. C. I. R. est en bonne 
voie. 

\insi que nous l'avons rappelé, FU. А. 5. I. a 
ele invitée à Ја réunion que ce Comité a tenue 
а La [ave en 1929. Elle l'est encore à Ја réunion 
actuelle, 

Différentes propositions avaient été inlro- 
duites à La Have en vue d'une collaboration per- 
manente entre cet important organisme el notre 
Union. Ces propositions n'ont pas pu avoir de 
suile effective, pour des raisons qui résullent 
notamment de l'organisation méme: du C. C. I. 
R., qui a décidé, à La Have, de ne pas constituer 
de Secrétariat permanent. 

D'autre part, et en attendant que. F \dmi- 
nistration néerlandaise puisse donner suite à 
son aimable intention de proposer à la Confé- 
rence Radiotélégraphique Internationale qui doit 
se réunir à Madrid, еп 1932, d'admettre lU. R. 
S. Т. comme membre délibérant du €. €. I. R., 
notre collaboration avec cet organisme ne peut 
avoir qu'un caractere officieux. 

Cependant, à La Have méme, des projets 
iniporlanis (dont vous avez reçu le texte) avaient 
élé présentés, notamment par le Comité Fran- 
Cais, projets qui consistaient à mettre еп jeu Ја 
collaboration des \dministrations et des Compa- 
unies privées des pays adhérents à notre Union, 
selon un programnie précis qui prévoit les ren- 


a 


scignements à fournir par le trafic commercial 


normal, la participation éventuelle des postes 
récepleurs commerciaux. à certaines observa- 
tions sur Ја propagation, la documentation sur 
les atmosphériques, l'enregistrement de phéno- 
menes divers et mesures spéciales, etc. 

Les négociations relatives à cet intéressant 
programme sout aujourd'hui engagées par FU. 
R. S. 1. avec les Administrations compétentes. 

Chacun reconnait la haute utilité scientifique 
de ce programme, des difficultés d'ordre admi- 
nistratif doivent encore étre résolues. 

La question sera examinée par la présente 
Assemblée, 


Publications. — Eu égard à l'intérêt excep- . 
Honnef qui s'attache aux Assemblées Générales 
de FU. B. S. T, la publication des comptes-ren- 
dus de nos travaux présente une importance 
particulière, Le plus grand soin a toujours été 
apporté à leur édition. Mais il importe que les 
éminentes personnalités qui prennent une part 
effective aux délibérations, veuillent bien nous 
assister dans les efforts que nous faisons pour 
accélérer les travaux d'impression, en nous fai- 
sant parvenir, dans le plus bref délai possible, 
les épreuves que nous leur envovons pour Ја 
correction. 

Celte célérité est indispensable si Гоп veut 
faire en sorte que les comptes-rendus puissent 
être distribués et mis à la disposition du public 
dans un délai convenable. 


Organisation de la présente Assemblée Géne- 
rale. —- П nous reste à parler de l'organisation 
de la présente Assemblée Générale. Је dois 
remercier, en premier lieu, l'Administralion 
danoise et еп particulier MM. les Directeurs 
Généraux Pedersen et Christiansen pour l'aide 
précieuse et dévouée qu'ils nous ont apportée 
dans sa préparation. | 

Sous d'aussi heureux auspices, ct eu égard 
aux multiples facilités qui nous sont accordées 
pour nos travaux, ceux-ci vont se dérouler dans 
le milieu le plus favorable. 

Је dois également renouveler aux Membres 
des Commissions, l'appel déjà adressé aux Pré- 
sidents de celles-ci, quant à l'orzanisation des 
travaux des Commissions. 


Les Commissions s’inspireront utilement de 
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cette considération que le but des Assemblées 
Générales, identiques à la nótre, n'est pas seule- 
ment de provoquer des discussions sur des sujets 
scientifiques qui leur auront été soumis, mais 
aussi et surtout de préparer des programmes de 
travail pour les recherches qui, sortant du cadre 
du laboratoire, nécessitent une collaboration 
internationale. 


Les Commissions pourront donc, en premier 
lieu, examiner les programmes de travail qui 
leur seront soumis. Elles se pénétreront de la 
nécessité de prendre au sujet de ces propositions 
des décisions fermes et d'arriver à la rédaction 
d'un texte aussi précis que possible qui serait 
soumis à la derniére réunion de l'Assemblée 
Générale. 


Les Commissions qui n'ont pas encore recu 
de propositions pour un programme pourraient 
se borner, à une premiére réunion, à désigner 
un rapporteur chargé de l'établir, et laisser, en 
attendant, siéger les autres Commissions. 


J'ai déjà demandé aux Comités Nationaux de 
désigner, parmi ceux de leur membres qui assis- 
tent à cette Assemblée, des remplaçants pour 
ceux de leurs délégués aux différentes Commis- 
sions, dont nous avons à regretter l'absence. 
Tous les délégués prendraient part au vote sur 
les propositions, mais, en cas de divergences de 
vues, l'Assemblée Générale pourrait encore déci- 
der à leur sujet en votant cette fois par Élat. 


Quand les Commissions auront terminé ce 
travail d'organisation des études futures, qu'on 
pourrait qualifier de « travail administratif », 
elles pourront aborder les discussions scientifi- 
ques. On ne saurait trop les engager à limiter 
ces discussions à des sujels bien détermin(s, si 
elles désirent qu'elle soient fructueuses. 


La présentation des mémoires proprement dits 
el leur discussion auraient lieu uniquement реп- 
dant les séances publiques, qui seront évidem- 
ment de ce chef les plus intéressantes de notre 
Assemblée Générale. 


MONSIEUR LE PRÉSIDENT, 


П me reste un devoir à remplir, c'est d’être 
l'interpréte de tous les Comités Nationaux et de 
tous les membres de lU. R. S. I., pour vous 
exprimer leurs sincéres et chaleureuses félicita- 


tions à l'occasion de Та supréme distinction que 
le Gouvernement francais vous a conférée en 
vous nommant Général à vie. 


Les éminentes personnalités qui composent 
notre Union ont été heureuses de voir aussi 
solennellement consacrée la haute estime du 
grand pays qui est Ie vótre, envers l'un des plus 
distingués parmi les hommes de science dont il 
s'homore si légitimement. 


Nul mieux que ceux qui participent à nos 
délibérations ne sait quelle part considérable 
vous est due dans [a reconnaissance publique 
envers l'élite qui a fait progresser la science 
radioclectrique. De cette science, l'une des plus 
prodigieuses conquétes de l'époque et dont l'hu- 
manité ne compte plus les bienfaits, vous avez 
été, dés l'origine, et vous en étes aujourd'hui 
plus que jamais l'un des plus glorieux ouvriers. 


L'U. R. S. I. qui se consacre à son étude et à 
son développement sur le plan international, a 
eu l'heureuse chance de trouver en vous le guide 
sur et expérimenté qui lui était indispensable. 
Conscients de la dette de reconnaissance que 
nous avons contractée envers vous pour le соп- 
cours, précieux entre tous, dont vous favorisez 
nos travaux, nous vous prions d'accepter aujour- 
d'hui l'expression de notre grande gratitude et 
de notre respectueuse et profonde affection. 

Cette médaille, oeuvre d'un sculpteur de mé- 
rite, reproduit vos traits déjà rendus familiers 
à tous par la renommée; je vous prie, au nom de 
tous nos collègues, d'en accepter l'hommage, 
elle sera pour nous le souvenir impérissable de 
l'homme d'élite que nous honorons entre tous. 


M. le Président remercie et dit son émotion 
devant ce témoignage de sympathie. Il déclare 
que le but principal de son activité a été durant 
toute sa vie, d'étre de quelque utilité à la science. 
Il apprécie hautement les marques d'estime que 
lui donnent les membres de lU. R. S. L, et 
exprime sa reconnaissance au Secrétaire Général. 


Il souhaite ensuite la bienvenue à M. la Cour, 
Directeur de l'Institut Météorologique de Сореп- 
hague qui dirige les travaux de l'Année Polaire. 
ll se félicite de le voir parmi les membres de 
l'U. R. 5. I. 

Il propose ensuite de constituer les Comités 
Financier et Exécutif. 


а 
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Après délibérations, ces Comités sont consti- 
tués comme suit : 


COMITÉ FINANCIER. 


Président : 
M. le Proff MESNY ....... France. 
MM. le Prof'r DIVOIRE ...... Belgique. 
le Prof PEDERSEN . . . .. Danemark. 
le Dr J. H. DELLINGER États-Unis. 


le Prof APPLETON 


le Command! А. AMOROSO. Italie. 

le Prof NAGAOKA . ..... Japon. 

le D" B. VAN DER POL. ... Pays-Bas. 

l'Ingénieur LEMOINE Suède. 
"D" Suisse. 


le Dr J. LUGEON 


COMITÉ EXÉOUTIF. 


Président : 
M. le Général FÉRRIÉ ..... France. 
MM. le Prof' DIVOIRE ...... Belgique. 
le Prof! PEDERSEN ..... Danemark. 
le D' L. W. AUSTIN. . . . . États-Unis. 


le Prof APPLETON 


l'Ingénieur GORIO ..... Italie. 
le Proff NAGAOKA . . . . .. Japon. 
le Dr B. VAN DER POL.. Pays-Bas 
l'Ingénieur LEMOINE Suède. 
le D' J. LUGEON . . . . .. Suisse. 


Ces Comités se réuniront le 27 mai, respecti- 
vement à 15 et 17 heures. 


ANNEXE | 


LISTE DES DOCUMENTS MIS EN 


LIST OF DOCUMENTS 


Pendant la période écoulée entre la dernière 
Assemblée Générale de notre Union (septem- 
bre 1928) et la fin mars 1931, le Secrétariat 
Général a mis environ 100 documents numérotés 
en circulation. 


On peut les grouper comme suit : 


I. — Caractéristiques et résultats des mesures 
des émissions U. R. S. !. 
A) Du Comité National Américain : 
Numéros 187, 203, 206, 208, 212, 218, 223, 236, 231, 
238, 244, 250, 259, 272, 275, 283. 


` Grande-Bretagne. 


Grande-Bretagne. 


CIRCULATION 


M. le Président propose ensuite de nommer 
les Présidents des différentes Commissions pour 
les réunions à tenir au cours de l'Assemblée 
Générale. 

Les propositions ci-dessous sont approuvées à 
l'unanimité par l'Assemblée. 


COMMISSION I. — Méthodes de Mesures et Etalon- 
nages : 

M. le D' D. W. DYE. 
COMMISSION II. — Propagation des Ondes : 

M. le Dt L. W. AUSTIN. 
COMMISSION III. — Perturbations Atmosphériques : 

M. le Prof? APPLETON. 
Commission IV. — Liaison avec les amateurs, opéra- 


teurs et praticiens : 
M. le D" E. H. Rayner. 
— Radiophysique : 
M. le D! B. VAN DER Por. 


COMMISSION V. 


Les Commissions éliront chacune un Vice- 
Président et un Rapporteur. 

Les Commissions se réuniront les jours indi- 
qués ci-dessous à 16 heures. 


CoMMISSION I. — 29 mai. 
COMMISSION II. — 30 mai. 
COMMISSION III. — 1* juin. 
COMMISSION IV. — 2 juin. 
COMMISSION У. — 3 juin. 


La réunion pléniére de clóture est fixée au 
samedi 6 juin à 16 heures. 


La séance est levée à 11 h. 45. 


PAR LE SECRÉTARIAT GÉNÉRAL. 


CIRCULATED BY THE GENERAL SECRETARY. 


B' Du Comité National Francais : 

Numéros 188, 189, 198, 201, 205, 207, 209, 211, 213, 
215, 217, 222, 224, 227, 228, 231, 232, 239, 240, 241, 
242, 246, 247. 


II. — Eclipse totale du soleil du 9 mai 1929 
a Poulo Condore. 
A) Du Comité National Américain : 

No 219 : Observations du « U. S. Twelfth Naval 
District » pendant l'éclipse de soleil du 9 mai 1929. 
n) Du Comité National Francais : 

No 234 : Observations relatives à la radioélectricité 
et à la physique du Globe faites à l'occasion de 
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l'éclipse totale de soleil du 9 mai 1929 à Poulo Соп- 
dore (Indo-Chine). | 

No 235 : Rapport sur les recherches relatives à la 
propagation à grande distance des ondes radiotélé- 
graphiques effectuées à: l'occasion de l'éclipse de 
soleil du 9 mai 1929, par M. R. Jouaust. 


c) Du Comité National Japonais : 
No 255 : Anomaly in the Radio Transmission du- 
ring the Solar Eclipse of Mav 9, 1920, by H. Nagaoka. 


III. — Gommission pour l'étude des relations 
entre les phénoménes solaires et terrestres. 


No 216 : Deuxième rapport де la Commission. 

No 245 : Bulletin for character figures of Solar 
Phenomena. October;/December 1929. 

No 254 : Idem. January/March 1930. 

No 260 : Idem. Арг Јипе 1930. 

No 278 : Idem. July September 1930. 


IV. -- Ursigrammes. 


No 266 : Cosmic data broadcasts 16 juillet-23 aoüt 
1930. 

No 273 : New time and frequencies for broadcas- 
ting of cosmic data messages. Modifications apportées 
au document n? 266. 

No 273 bis : Traduction du n° 273. 


No 274 : Cosmic data. 5 octobre-8 novembre 1930. 

No 276 : Idem. 9 au 22 novembre 1930. 

No 277 : Idem. 23 novembre au 6 décembre 1930. 

No 280 : Idem. 7 au 27 décembre 1930. 

No 284 : Idem. 28 décembre 1930 au 17 јап- 
vier 1931. 

No 285 : Idem. 18 janvier au 7 février 1930. 


V. — Communications diverses. 


4) Du Comité National Américain : 

No 186 : The status of frequency. Standardization, 
ћу J. H. Dellinger. 

No 101 : Transatlantic Radio Transmission and 
Solar Activity, by Cl. N. Anderson. 

No 192 : Methods for the measurement of Radio 
field Streneths, par С. R. Englund et H. T. Friis. 

No 202 : Long wave radio receiving measurements 
at the Bureau of Standards in 1927, par L. W. Austin. 

No 220 : Radio Signal transmissions of Standard 
Frequency July to December 1929. 

No 264 : Radio Signal transmission 
Frequency July to December 1930. 

No 281 : Radio transmission. of 
quency January to June 1931. 


of Standard 


Standard Fre- 


r, Du Comité National Belge : 
No 267 : Note sur le ealeul des étages multiplica- 


Marque. 
dvna niques 


leurs de fréquence à triodes, par J. 
Хо 208 : Au sujet des diagrammes 
publiés par Kusunose, par J. Marique. 


c) Du Comité National Britannique : 

No 190 : The study of signal fading, par E. V. Ap- 
pleton. 

No 204: The influence of the Earth's Magnetic 
field on Electric Transmission in the Upper Atmos- 
phere, par S. Goldstein. 

Мо 243: On some measurements of the equi- 
valent Height of the Atmospheric Ionised layer, par 
E. V. Appleton. 

No 261 d : The effect of Ozone on the Temperature 
of the Upper Atmosphere, par E. H. Gowan. 

No 262 : On some short wave equivalent Height 
Measurements of the [onised Regions of the upper 
atmosphere, par E. V. Appleton et A. L. Green. 

No 203 : Some simultaneous observations on Dawn- 
coming WireJess Waves, par E. V. Appleton et 
J. ^. Ratcliffe. | 


p; Du Comité National Français : 

No 233 : Nouvelles recherches sur la propagation 
des ondes courtes dans l'atmosphère, par R. Bureau. 

No 257 : Cartes de propagation d'ondes courtes, par 
R. Bureau. 

No 258 : 79° série d'essais sur ondes courtes. 

No 265 : 80° série d'essais sur ondes courtes. 

No 282 : Note relative aux 77°, 78° et 79° séries 
d'essais sur ondes courtes. 


E) Du Comité National Japonais : 

No 193 : On the continuous record of the Atmos- 
pherics and its diurnal Oscillation, par J. Asakura 
et S. Fujiwhara. 

No 194 : The measurements of the field intensities 
of some highpower long distance radio stations. — 


Part. I. — Bolinas et Dordeaux, par E. Yokovama et 
T. Макал. 
No 195 : Idem. — Part. II. — Malabar, Palao et 


Rugby, par E. Yokovama et T. Nakai. 

No 196 : The effect of chemical composition on the 
tensivity of zalena as a radiotector and the cold 
emission from crystals, par W. Ogawa, С. Nemoto 
et 5. Kaneko. 

No 197 : А further investigating of synthetic galena 
detector and a new theorv of crystal rectifiers, par 
W. Ozawa, C. Nemoto et S. Kaneko. 

No 199 : Idem que les n?* 194 et 195. — Part. III. 
Kahuku. — Pearl Harbor et Saigon, par E. Yoko- 
vama et T, Nakai. 

No 200 : Standardization of 
Jimbo. 

No 210 : Caleulationis on vacuum 
design of triodes, par Y. Kusunose. 

No 214 : General properties of piezo-electric quartz 
and the value of a quartz oscillator as a frequency 
standards, par S, Namba et S. Matsumura. 

No 221 : Idem que les n° 194, 195, 199. -- 
Part. IV. -- Warsaw, Tananarive and Monte Grande, 
par E. Yokovama et T. Nakai. 


frequency, par 5. 


tubes апа the 
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No 225 : Oscillation power output of а triode sys- 
tem and principle of its optimum desizn. — Part. I. 
-- Oscillation power output, par E, Takagishi. 

No 226 : On standing electric oscillations on a line 
excited al а point near tts current or potential loop 
and generation of rotary waves, par E. Takagishi et 
E. Iso. 

No 229 : Idem que le n? 225. — Part. II. — Maxi- 
mum Pa conditions, par E. Takazishi. 

No 230 : Idem que les пе“ 225 et 229. — Part. IIl. 
- Other optimum conditions and principle of opti- 
mum design, par 15. Takaeishi. 

No 248 : heceivinz test of French short wave sta- 
tions. | 

No 249 : On the propavation of the short waves. 

No 254 : Meteorological Influences on Long Dis- 
tance, Lonz Wave Reception, par E. Yokoyama et 
T. Nakai. 

No 252 : Fstablishment of 
standard, par Y. Namba. 

No 253 : Interim Report on Observations of atmos- 
pherics which тау he caused by Meteoric Showers, 
par E. Yokoyama. 

No 256 : Possibility of the Radio Transmission 
being disturbed by Meteoric Showers, par H. Naga- 
oka. 


the R dio frequency 


r: Du Gomité National Suisse : 
No 269 : Météorolozie. Tonisation et champ élec- 
trique a ET Golea; l'éclair visible à 800 km; mirages 


ANNEXE ll. 


NEGOCIATIONS RELATIVES A LA PUBLICATION 


en automobile; condensation dans les dunes du Grand 
Ere. Note par/ M. le Dr J. Lugeon. 

No 270 : Electricité atmosphérique. Le repérage 
radio-électrique des tempêtes de sable du Sahara, à 
етапе distance, par M. le D" J. Lugeon. 

No 251 : Electricité atmosphérique. Mesures de l'io- 
nisation du champ électrique et des atmosphériques 
au Mont-Blanc. Note par M. le Dt J. Lugeon. 

No 279 : Quelques résultats de la mission météoro- 
logique suisse au Sahara en 1929. 


V]. —- Bibliographie. 


Pendant Ја mème période, le Secrétariat Général 
a publié 48 groupes de références bibliographiques 
dont 25 émanant du Comité National des Etats-Unis 
d'Amérique, 7 du Comité National Francais et 16 du 
Comité National Japonais. 

Ces références se répartissent en 17 fascicules. 

Le Secrétariat Général avait cru devoir ajouter lui- 


méme le numéro de la classification. décimale aux 


analyses qui n'en comportaient pas. Mais il a rapi- 
dement constaté que, pour les analvses des mêmes 
articles, son classement ne correspondait pas à celui 
du Comité National des Etats-Unis. Pour éviter toute 
confusion, il a estimé qu'il était préférable de laisser 
aux personnes qui utilisent le classement décimal, 
l^ soin de numéroter elles-mêmes les analyses еп 
question. Une note dans ce sens fut insérée dans la 
publication d’aont 1929. 


DES REFERENCES 


BIBLIOGRAPHIQUES DE L'U. К. S. I. 


En application des résolutions prises à PAs- 
semblée Générale de 1928, le Secrétariat Géné- 
ral s'est mis en rapport avec M. le Prof E. V. 
APPLETON, en vue de conclure un accord avec 
« Experimental Wireless » pour la publication 
des références bibliographiques de VU. R.S.L 
en langue anglaise. 

Les offres de l'Experimental Wireless, trans- 
mises par M. le Prof! Appleton en février 1929 
claient : | 

1° PU. R. S. 1. pourrait acheter les références 
telles qu'elles élaient publiées dans FExperi- 
mental Wireless ди prix de 1/6- l'exemplaire; 

2° Pour la publication de ces références en 
francais, dans L'Onde Électrique, Yéditeur de 
l'Éxperimental Wireless demandait 15/ par page, 
soit £ 22.10.00 par mois (références en 30 pages). 

Le Secrétariat Général après en avoir référé au 


Général Ferrié, Président de PU. R. S. L, écri- 
vait à M. le Prof Appleton pour lui présenter 
quelques remarques : notamment les prix faits 
correspondaient à 80 pages de texte, alors qu'à 
références bibliographiques 
de l Experimental Wireless n'atteignaient que 


cette époque les 


11 pages par mots en moyenne. 

А la suite de ces échanges de vues, le Secré- 
tariat Général fit le 19 juillet 1929, les proposi- 
tions suivantes au Général Ferrié : 

1° Provisoirement le service bibliographique 
se ferait uniquement en langue anglaise; 

2° LU. h. 8. E. ferait gratuitement le service 
de la bibliographie aux Comités Nationaux à 
raison d'un exemplaire par unite statutaire (c'est- 
à-dire 8 exemplaires pour les Etats-Unis, la 
France, la Grande-Bretagne, etc.); 

3° Les pays qui, comme les États-Unis ont 
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accordé à l'U. R.S. I. des subventions spéciales, 
recevraient un nombre d'exemplaires plus élevé; 

4° Les Comités Nationaux pourraient sou- 
scrire à leurs frais, un nombre illimité d'abon- 
nemenis supplémentaires à l'usage de leurs 
membres. 

Le prix approximatif serait de 50x 12x 1/6 
soit 5,625 francs. Cette dépense pourrail être 
envisagée par suite де l'intervention des firmes 
privées américaines. 

Le 27 juillet 1929, le Général Ferrié approu- 
vait ces suggestions. 

Le Secrétariat Général transmit alors ces sug- 
gestions à M. le Prof” Appleton, en portant 
toutefois à 60 le nombre des abonnements à 
souscrire au début. 

Le Prof Appleton, aprés pourparlers avec 
l'éditeur de l'Experimental Wireless, fit savoir, 
le 15 novembre 1929, que l'Experimental Wire- 
less était d'accord pour fournir 60 exemplaires 
par mois, au prix unilairc de 1/6-. 

Le Secrétariat Général fit savoir, le 9 décem- 
bre, qu'il ne lui était plus possible de prendre 
une décision définitive, d'autres propositions 
avant été faites entretemps. 

En effet, à la suite de la Conférence de 
La Haye (septembre 1929) M. le Général Ferrié 
s'était mis en rapport avec le Bureau Internatio- 
nal de l'Union Télégraphique de Berne, qui était 
tout. disposé à publier gratuitement, dans le 
Journal Télégraphique de Berne, les références 
bibliographiques де ГО. R. 5. I. 

Le 4 novembre 1929, le Secrétariat Général 
adressait à tous les Présidents des Comités Natio- 
naux, un programme relatif à la publication des 
références. bibliographiques dans le Journal 
Télégraphique. 

Chaque Comité National enverrait tous les 
mois au Secrétariat Général de ГО. R. 5. 1. une 
courte analyse (10 à 15 lignes ап maximum) de 
chaque travail publié dans son pays concernant 
la radiotélégraphie scientifique. Га personne 
qualifiée, qui rédigerait ces analyses, recevrait 
une indemnité, pour autant que le budget de 
UU. R. S. I Је permettrait. Le Secrétariat Géné- 
ral de ГО. R. S. 1. prendrait toutes mesures 


uliles pour avoir aussi des analyses des travaux 
publiés dans des pays n'appartenant pas encore 
à l'U. R. S. I. 

L'ensemble de ces analyses, convenablement 
classé, scrait envoyé au Bureau de Berne pour 
être publié dans la Revue appartenant à cet orga- 
nisme. Des tirages à part de cette bibliographie 
seraient ensuite envoyés à chaque Comité Natio- 
nal dans des conditions à fixer d'accord entre 
celui-ci et le Secrétariat Général. 

Des articles, donnant l'état d'avancement de 
chacune des études entreprises par lU. R. S. I. 
seraient, en outre, demandés chaque année aux 
physiciens qualifiés et publiés dans la REVUE DE 
Berne. Des tirages à part seraient encore deman- 
dés et distribués. 

Le Comité Francais répondit le 4 mars 1930 
que la seule solution qui lui paraissait possible 
étant donné le budget précaire de ГО. R. S. I. 
était de publier les références dans le Journal 
Télégraphique de Berne. Le Comité des États- 
Unis d'Amérique ne put donner de réponse à ce 
moment son Comité Exécutif devant se réunir 
en avril. 

Le 1" avril, le Secrétariat Général reprenail 
ses propositions, et proposait de publier immé- 
diatement les références dans le Journal Télé- 
graphique; il demandait aux Comités Nationaux 
de lui envoyer les analvses des articles scienti- 
fiques intéressant ГО. R. S. I. dans la forme 
rappelée ci-dessus. 

Les Comités Suisse et Néo-Zélandais répondi- 
rent qu'ils s'occuperaient de la chose. Le Comité 
des États-Unis fit remarquer qu'un service 
bibliographique suffisant existait actuellement 
(références publiées par le Radio Research: Board, 
et par le Bureau of Standards) et que le Secréta- 
riat Général devrait зе borner à fournir des 
références complémentaires qui lui seraient 
communiquées par les Comités Nationaux. 

En conclusion, les propositions du Secrétariat 
Général ne recurent qu'une approbation par- 
tielle; il fut donc contraint, en labsence de 
directives, de continuer à publier lui-même les 
analvses américaines, françaises et japonaises 
dans la forme où elles lui parvenaient. 


F es 


Travaux 
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des Commissions. 


Proceedings of the Commissions. 


NOTICE HISTORIQUE. 


La Commission des Méthodes de Mesures et 
d'Étalonnages, la Commission de Propagation 
des Ondes, la Commission des Perturbations 
Atmosphériques et la Commission de Liaison 
avec les Opérateurs, les Praliciens, les Amateurs 
et les Sciences Connexes furent instituées par 
décision de l'Assemblée Générale de 10. R. S. L., 
tenue à Bruxelles en juillet 1922. 


La Commission de Radiophysique fut instituée 
sous le nom de Commission des Oscillations, par 
l'Assemblée Générale tenue à Washington en 
octobre 1927; cette dénomination fut changée 
lors de l'Assemblée Générale tenue à Bruxelles 
en septembre 1928. | 

L'activité des Commissions depuis l'Assem- 
blée Générale de 1922 jusqu'à l'Assemblée Géné- 
rale de 1928 cst résumée dans les fascicules 8 à 6 
du volume I et dans le fascicule 3 du volume H 


de ГО. R. S. 1. 


Les travaux exécutés par les différents Comi- 
tés Nationaux et Commissions de FU. R.S. I. 
depuis l'Assemblée Générale de 1928 ont été résu- 
més et discutés au cours de l'Assemblée Géné- 
rale tenue à Copenhague еп mai-juin 1931, ct 
des programmes de travaux ont été élaborés 
pour l'avenir. 


HISTORICAL NOTICES. 


The Commission of Measurements and Stan- 
dardization, the Commission of Radio Wave 
Propagation, the Commission of Atmospherics 
and the Commission of Cooperation with Opera- 
lors, Practitioners, Amateurs and Connected 
Sciences have been constituted by the decision 
of the General Assembly held in Brussels in 


July 1922. 


The Commission of Radiophysics has been 
instituted under the name of Commission of 
Oscillations, ђу the General Assembly held in 
Washington in October 1927; this denomination 
was changed during the General Assembly held 
in Brussels in September 1928. 

The activily of the Commissions from the 
General Assembly of 1922 until the General 
Assembly of 1928 is summarized in fascicules 8 


lo 6 of volume I and fascicule 8 of volume II 
of the U. R. S. I. 


The works made by the various National 


«Committees and Commissions of the U. R.S. I. 


since the General Assembly of 1928 have been 
summarized and discussed during the General 
Assembly held in Copenhague in May-June 1931, 
en programs of works for the future have been 
elaborated. 
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— METHODES DE MESURES ET ÉTALONNAGES. 


COMMISSION I. — MEASUREMENTS AND STANDARDIZATION. 


1 . . , r 
La Commission des Méthodes de Mesures et 
Élalonnages est composée de Ја facon suivante : 


Président : 
Belgique : 


États-Unis : 
France : 


Grande-Bretagne : 


Italie : 


Japon : 


Norvège : 


Nouvelle-Zélande : 


Pays-Bas : 


Portugal : 


* 


Suisse : 


— —M— — 


INTRODUCTION 


M. le р" DYE, D. Se., F. R.C., du National Physical Laboratory. 
MM. M. R. CORTEIL, Directeur du Service des Radiocommu- 


M. 


M. 


M. 


M. 


M. 


M. 


M. 


M. 


nications de l'Administration des Télégraphes; M. J. MARI- 
QUE, Ingénieur du Service de l'Aéropautique et M. R. 
MOENS, Chargé de Cours à l'Université de Gand. x 

је Dt J. H. DELLINGER, Chief of Radio Section, Bureau of 
Standards. 

le Proff ABRAHAM, Professeur à la Sorbonne et M. је 
Proft R. JOUAUST, du Laboratoire Central d'Électricité. 


le р" D. W. DYE, M. le Proft E. V. APPLETON, Wheatstone 


Laboratory, King's College; M. O. F. BROWN, Department 
of Scientific Research; le Capt. P. P. ECKERSLEY, British 
Broadcasting Corporation, Sir Joseph PETAVEL et M. le 
Dr F. E. SMITH. 


l'Incénieur Tullio GORIO, Inspecteur Supérieur Techni- 
que des Postes et Télézraphes; M. le Tenante-Colonel 
F. AMOROSO et M. le Commandant MATTEINI. 


le Colonel Z. ISHH, Military Scientific Laboratory; M. le 
Proft T. KUJIRAI, Faculty of Engineering, Tokyo Impe- 
rial University: M. le 0° T. MINOHARA, Ordnance Rear- 
Admiral, Naval Experimental and Research. Establishment 
et M. le р" K. TAKATSU, Electrotechnical Laboratory. 


le Proft H. PEDERSEN, Ingénieur еп Chef à PAdminis- 
tration des Télégraphes et M. le Proft VEGARD, Professeur 
à l'Université d'Oslo. 


. le D' M. A. F. BARNETT, Department of Scientific and 


Industrial Research. 


A. DUBOIS. le Dt Ir. KOOMANS et M. le D' B. VAN DER 
POL, du Natuurkundig Laboratorium der N. V. Philip's 
Gloeilampenfabrieken. 

le Capitaine de Vaisseau А. RODRIGUES, Professeur 
dq Kleetrotechnique à l'École Navale. 


le Dr J. LUGEON. 


The Commission on Measurements and Stan- 
· dardizalion is composed in the following way : 
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COMPTE RENDU DE ГА ЗЕАХСЕ DU 


VENDREDI 29 MAI. 


ACCOUNT OF MEETING OF FRIDAY, MAI 29. 


La séance est ouverte à 16 heures sous la prési- 
dence du D' D. W. Dye, Président de la Com- 
mission I, assisté du Prof Jovsvsr comme Vice- 
Président et du Prof Lirour comme interprète. 


The Chairman reads а report ( setting forth 
the present general position of radio-frequeney 
Standards and measurements with special refe- 
rence le frequency and its association with time. 


Le Prof’ Jouaust attire l'attention sur l'impor- 
lance des remarques de M. le Président, particu- 
lièrement en ce qui concerne l'emploi des hor- 
loges piézo-électriques qui peuvent remplacer 
les horloges à pendule. La France a déjà envi- 
sagé leur utilité, non pas en les substituant, mais 
en les employant en même temps que les hor- 
loges à pendule. 


Le R. P. Lejay a publié à ce sujet un travail 
important sur la détermination de la constante 
de gravitation pour des temps courts. Ce qui 
pourrait donner des renseignements sur tes 
marées terrestres dues à la lune. 


D' Dellinger remarks that very carefully coin- 
structed quartz oscillators could, under suitable 
conditions, be considered more accuraie than 
the pendulum-clock. At the Bureau of Standards 
an equipment consisting of four piezo-oscilla- 


tors gives a constancy of 2 parts in 10 million. 


The arrangement permitted the continuous 
recording of beats between one oscillator and 
each of the other three. 


it is more accurate than the Бе signals. ihe 


On the long running, 


accuracy of such oscillators enables them to be 
used as Prof 


observations. 


Jonaust suggests. for gravity 


The Chairman then gives а brief account of 


the International Comparison Measurements 


(4) Annexe I, p. 16. 


since 1928 as drawn up in the Report of Great 
Britain to Commission I (?). 

Не then refers to a statement made to him by 
D Dellinger that at the Bureau of Standards it 
was envisaged to have а highly constant trans- 
mission at 9 000 kc/s. maintained absolutely 
coalinuously day and night. The Chairman 
refers to the great possibilities inherent in such 
a transmission modulated in various ways at the 


same time. 


Le Prof’ Jouaust s'excuse de ne pas avoir pré- 
senté un rapport ct fait remarquer qu'il a. été 
absorbé par Је C. C. I. R. 

П signale qu'en France on utilise comme point 
de départ pour les mesures de fréquences un 
diapason де 1 009 périodes, maintenu continuel- 
lement en oscillation et entrainant пп méca- 
nisme d horlogerie dont on peut comparer les 
indications à celles d'un. pendule de l'Obser- 
valoire, | 

iu début, on utilisait un diapason de 
1 024 p/s, appareil dont la fréquence correspond 
à une note musicale existant normalement dans 
le commerce, 

Gest en modulant avec се diapason le poste 
radio-téléphonique de la Tour Eiffel qu'ont été 
exécutées en collaboration avec le National Рћу- 
Physikaliseh Tecnisehe 
Reischsantail et le Laboratoire. de l'Académie 
Navale de Livourne, les mesures comparatives 
demandées par је C. C. ТІ. R. Des accords de 
quelques millioniémes furent ainsi obtenus. 

Des mesures simultanées de la fréquence de 
l'onde porteuse furent aussi essayées. Les varia- 
tions rapides de cette fréquence rendaient ces 
mesures difficiles. 

Le mode opératoire suivant permet de tourner 
celte difficulté. Au cours de l'émission, chaque 


sical Laboratory, Та 


(2) Annexe H, p. 18. 


laboratoire intéressé dans la mesure, exécutait 
des niesures de fréquence aussi nombreuses que 
possible et notait l'heure de ces mesures. Pour 
chaque laboratoire, on tracait la courbe donnant 
en fonction du temps les fréquences mesurées. 
On constata que ces courbes se superposaient à 
environ 107? prés quoique les varialions fussent 
de l'ordre de 107*. On avait donc le droit de con- 
clure que dans ce cas les mesures des divers 
laboratoires concordaient au cent-milliéme près. 


(pr Dellinger comments on the satisfactory 
agreement to 1 in 10° obtained. He states 
that recent measurements show the same agree- 
ment the U.S. A. and Italy. The 
Italians were successful in receiving the Bureait 
of Standards’ 5 000 Асу. transmissions and have 
oblained agreement to 1 in 10° with them. 


between 


Пе refers to the program of these transmis- 
sions every Tuesday afternoon. and evening for 
(wo hours at a power of М. W., measurements 
on this transmission made at three laboratories 
in the U. S. А, equiped with primary frequency 
standards have given agreement їо 2 parts 
in 10’. 

Further plans are to increase the power to 
20 №. W. so as to be ready in 1932, time мог по 
every Tuesday for 2 hours at 5000 kc/s. 
and at 15 000 ke/s. И is intended to operate 
this for one year in order to see wether a day and 
night service is practicable and. eventually to 
operate continuously every. day. 


Le Prof’ Jouaust estime que Fidée du D' Del- 
linger sera très utile si une transmission de 
vingt-quatre heures est possible. Па écouté mais 
na pas réussi à entendre la transmission de 
э 000 kc/s. quoiqu'il ait passé plusieurs nuits a 
l'essaver. Des signaux de cette. fréquence sont 
généralement bien reçus en France vers deux 
heures du matin, mais on n'est pas sûr de les 
recevoir à un Moment quelconque de la jour- 
née, Avec une émission dune durée de vingi- 
quatre heures, il v certainement. des 
moments pour lesquels Ја réception sera assurée. 


аига 


D' Van der Pol refers to the fading which 
occurs on. shorl-waves at long distances and 
indicates that phase variations make difficulties 
in defining the frequency. 
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D” Dellinger agrees as to the effects of the pro- 
perties of the medium and appreciates that they 
must be considered when accuracies of a few 
parts in 10° are involved. This order of effect 
has been observed. The question is also of 
imporlance when considering the choice bet- 
ween high frequency measurements and meas- 
urements on a low frequency modulation. 


Le Prof’ Jouaust fait remarquer qu'il a fait des 
essais de l'effet Doppler sur les signaux horaires 
de Washington où un oscillateur au quartz était 
utilisé, mais qu'il n'a pas entendu de variations 
dans la fréquence de battement. 


D” Van der Pol remarks that from theoretical 
considerations the variation of frequency would 
be of the same order as the frequency of fading. 


Le Prof? Mesny dit qu'il se souvient des obser- 
vations de Rukop, en 1926, sur la transmission 
allemande des images entre Rome et Berlin. La 
transmission d'une ligne droite montrait des 
déviations correspondantes à un effet Doppler 
de 1 000 cycles sur une fréquence de 8 méga- 
cv cles/sec. 

| estime cependant, que pour des comparai- 
sons, les effets peuvent étre négligés car ils sont 
monienlanés ef une observation. de quelque 
durée permet de les éliminer. 


The Chairman remarks that the matter could 
be considered. from two points of view : 

1. That of mean frequency, and 2? that of an 
instantaneous frequency (though this term pre 
sents difficulties in definition). 

For frequency intercomparison purposes a 
mean frequency was always measured and since 
the number of waves between transmitting and 
receiving stations was always comparatively few, 
there could never arise much uncertainly where 
a period of several seconds or a few minutes 
was involved. 

The instantaneous observations might, how- 
ever, be of value scientifically in connection 
with the propagation of waves. 


D” Van der Pol agrees with the Chairman's 
remarks. He refers also to the results of com- 
parison measurements between quartz oscillator 
clocks and pendulum clocks made at the Loomie 


Laboratories in Tuxedo Park. These results 
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when carefully analysed indicated a definite 
luner component of gravity. 


The Chairman remarks that no proposals had 
been received beforehand. 


Le Général Ferrié fait remarquer que le Prési- 
dent pourrait faire ces propositions. 


The Chairman then submits that the specially 
steadv transmissions at 5 000 kc/s. from the 
Bureau of Standards should be exploided to their 
fullest extent. Не remarks that he has failed 
himself to receive these signals but anticipaled 
success in the future. 


Le Général Ferrié annonce qu'en France, on 


a l'intention d'effectuer des émissions d'ondes : 


courtes pour l'étude de la couche Kennelly- 
Heaviside. Ces émissions pourraient servir en 
méme temps pour d'autres mesures. Le Comité 
National Francais enverra le programme de ces 


М! 


émissions à tous les Comités Nationaux. 


The Chairman then refers to the value of 
vacuum type of quartz resonator as perfected by 
D' Giebe. These resonators have been found 
very constant and very convenient in recent- 
intercomparison measurements and the Ghair- 
man feels that they could very usefully employ 
these resonators. 


Le D* Lugeon [fait remarquer limportance 
pour la Commission 11 des émissions faites pen- 
dant vingt-quatre heures. Ces émissions permet- 
tront l'enregistrement des effets du rayonne- 
ment solaire sur la couche ionisée. 

Des émissions simultanées sur 5 000 et 
6 000 kc/s. permettraient de reproduire graphi- 
quement, en trois dimensions, les effets du 
rayonnement solaire, le long du trajet de londe. 


D' Dellinger thanks the Chairman for calling 
attention to the 5 000 kc/s. transmissions froin 
the Bureau of Standards and states that he would 
welcome any suggestions whereby they may 
serve various purposes. 

He thinks that the simultaneous transmissions 
of two neighbouring frequencies would be diffi- 
cult, specially at high power where the running 
expenses were necessarily heavy. Не considers 
it desirable to concentrate on one frequency. 


Le Prof? Jouaust fait remarquer que la Com- 
mission I n'a pas pour objet l'étude de la pro- 


pagation des ondes mais cependant le champ 
produit par celles-ci doit toujours être mesuré. 
Si on emploie des appareils qui ne sont pas 
identiques, mesure-t-on la méme quantité? 

П estime que la Commission 1 devrait exami- 
ner cette question. Elle pourrait rédigcr un ques- 


tionnaire et un syllabus des méthodes standar- 


disces, de facon que tous effectuent les mesures 
dans les mémes conditions. | 

П propose que le Président se renseigne pour 
oblenir la description des appareils employés 
pour les mesures de l'intensité du champ et que 
lors d'une prochaine assemblée ces appareils 
soient standardisés pour avoir la certitude que 
tous mesurent la méme quantité. 


The Chairman asks for suggestions or com- 
ments on this question. 


None are made. He then suggests that he 
could undertake to collect information. 


D' Smith-Rose mentions that apparatus for 
field intensity measurements base their results 
upon two quantities, one is current and the other 
is effective resistance of ап aerial or оћег 
receiving system, He suggests that it is desira- 
ble to have standards of current and resistance 
but thinks that these are not matters for inter- 
national action. On the other hand the appara- 
tus used in different countries is very different 
and the quantities measured might well be dif- 
ferent so that the agreement might be difficult 
to attain. He thinks that the matter should 
receive attention. 


Le Prof' Мезпу pense qu'il est trés important 
de pouvoir apprécier d'une façon précise les dif- 
férentes méthodes utilisées pour les mesures de 
champ et que l'étude et la comparaison de ces 
méthodes s'imposent aujourd'hui qu'elles sont 
bien définies. ll rappelle qu'il fut décidé a 
Washington de faire en un méme lieu des 
mesures comparatives avec des appareils. diffe- 
rents се qui pourrait amener le transfert de celte 
question de la Commission П à la Commission |. 


The Chairman then refers to. matters. con- 
cerning the relations between the U. R. S. 1. and 
the С. C. I. R. in regard to questions of fre- 
queney standards and measurements since there 


is considerable overlapping. 
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D' Rayner reads a proposal to form а small 
sub-committee to deal with standards. 


This is not made clear to General Ferric 
whereat the Chairman explains that there is no 
inlention to form a standing Committee of thie 
C. C. LE. R. since this is outside the scope of both 
C. C. 1. B. and U. R. S. I. but à small perma- 
nent committee could be formed as an indepen- 


dant committee or in association with the 


CE PSS 

D Dellinger says that he assumes that it was 
not intended to take aclion on the matter а! 
present. 

The Chatrman replies that the idea was only à 
suggestion for consideration. 


La séance est levée à 18 heures. 


ANNEXES. 


1. Chairman's Report to Conumnission 1. 
H. British National Committee. — Report for 


Comunission 1 on the present. status in 


АММЕХЕ I. 


Greal-Britain of Radio Frequency Standards 
Measurements. 


CHAIRMAN'S REPORT TO COMMISSION I OF THE U. К. S. I. 


Frequency. 

The measurement of periodicity is a pure 
measurement in lime and ils inverse is fre- 
queney with which we are largely concerned in 
our Commission. 

Frequencs can be produced, measured, mul- 
tiplied and demultiplied with a precision which 
has placed it in the first order amongst measure- 
ments of all kinds. 

We are approaching the condition of a struc- 
ture of measurement of grealer rigidity than the 
foundations of time upon which it is аб present 
based. We are therefore compelled to look to 
these foundations in order to stabilise them 
more and more to keep pace with the ever- 
increasing aeeuraey available in the measure- 
ments rierred to. 

Fhe advair ees made in steadiness of frequency 
production all over the world. during the fast 
few years have been extremely rapid we have, in 
about three years, increased the accuracy of 
measurement by at least fen fold. 

Great advances have been made in Те con- 
struction of primary. frequeney standards: in 


various laboratories. Mention must. first be 


made, in this connection, of the remarkable 
piezo-clectric quartz oscillators developed at the 
Bell Telephone laboratories in New-York, and 


adopted by the Bureau of Standards as their pri- 
mars frequency standard. Much investigators 
Work nas also been carried out on tuning forks 
as primary. standards in Great-Britain, Japan, 
France and else where. 

V feature which has resulted in a great 
improvement ja performance in these standards 
and on which is growing in practice is the prin- 
ciple of keeping the primary frequency standard 
in a state of continuous oscillation day and 
night. 

This is a matter, which must receive serious 
attention in. all national laboratories in which 
frequenes standards are installed. No one would 
think of starting and stopping a pendulum clock 
every time if was required to mark time. In à 
similar way we must not start and stop our fre- 
It is 
pow realised that continuous operation is essen- 


quienes standards cach time they are used. 


tial to the highest performance and there are 
several laboratories in which primary frequence 
standards are maintained. in completely conti- 
nuous operation. The extension of such a con- 
dition in other laboratories would appear to be 
of first importance. 

Once this principle is established, it becomes 
a very simple matter to integrate the vibration: 
continuously and thus turn the oscillator into a 
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clock. There is very little information regarding 
the day to day stability of vibration clocks bv 
direct comparison with time signals. 

Further close collaboration between laborato- 
ries possessing highly accurate vibration clocks 
and astronomical observatories is needed and in 
those laboratories possessing both pendulum 
clocks and vibration clocks, comparison observa- 
tions at short intervals of time nol greater 
than one hour — will afford most valuable 
information. 

This work is in progress in at least three labo- 
ratories, but it is too soon vet to draw any gene- 
ralised conclusions. 

It would seem that time as actually given us 
by the observatories, is really an average result 
of observations made on stars and on clocas. 
Neither is reliable without the other. The fact 
imerges that one day is not a long enough period 
to enable astronomical time to be observed to the 
highest accuracy now desirable and we have to 
depend more and more upon vibrational time 
integraters (clocks) of whatever kind to smooth 
| star observations. The 


out irregularities in 


clocks have virtually to integrate time over 


several days, at present this duty is taken by 
pendulum clocks which it may be conceded are 
probably the most satisfactory and convenient 
integrater for the purpose. But a pendulum 
has too long a period to give the highest accuracy 
of time subdivision as required by wireless fre- 
quency standards owing to difficulties associated 
with fine subdivision of onc oscillation. 

The present position may be summed up as 
follows 

1° Guardian of time itself — the rotation of 
the earth; 

2° Guardians of the day — the rotation of the 
carth and pendulum clocks; 

3° Guardians of the second — pendulum 
clocks and vibration clocks; 

4^ Guardians of telephonic and wireless fre- 
quencies — mechanical oscillatory systems of 
vdrious kinds. 

This chain of links between time and wireless 
frequency standards cannot casily be shortened 
at present, but it may be anticipated that the 
pendulum clock may ultimately disappear as far 
as wireless frequency standards are concerned. 

The primary frequency standards in all natio- 


nal laboratories are single-valued standards and 
the means used to obtain multiple, submultiple 
and nonmultiple frequencies from the standard 
differ in each laboratory, but all, I think, 
withoul exception utilise harmonic principles as 
far as it is possible to do so whether for the 
measurement or production of harmonic or 
inharmonic frequencies of accurately known 
value. Interpolation or difference frequency 
measuremenis must be used when nonintegral 
frequencies are involved, but these are relieved 
of as much responsibility as it is possible to do 
in nearly all cases. 

The position is such that the measurement of 
any unknown frequency can be made in several 
national laboratories to an accuracy superior to 
the constancy of the source of the frequency, and 
generally speaking short-period or momentary 
frequencies can be measured to a very few parts 
in a million. 


W avemeters. 


A very excellent account of the position in res- 
pect of wavemeters usually forming secondary 
standards has been given in a document drawn 
up by the Italian Government and presented to 
the C. C. T. R. It is obviously impossible to go 
into the matter raised there in detail, but 1 will 
venture the opinion that the actual performance 
of wavemeters as at present constructed is not 
so good as it might be in the light of the know- 
ledge now available on the subject. It is sug- 
gested that designs of these valuable instruments 
could now be drawn up and such instruments be 
constructed to meet any requirements demanded 
of them. 


In all other measurements, except frequency. 
a large reduction in the accuracy demanded 
occurs, with the exception perhaps of certain 
phase angle or loss measurements on con- 
densers. 

The foundations of measurement of induc- 
tance and capacity are well enough laid and, in 
all countries possessing primary electrical stan- 
dards, are dependent either upon standard 
inductances calculable from their dimensions 
or for capacity only the basis used is resistance 
and time. 

The measurement of current and voltage are 
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not of supreme importance in wireless research 
and have therefore not received nearly as much 
altention as frequency. There would seem, 
however, to be need for a certain amount of coo- 
peration internationallv in connection with the 
measurement of current, since currents are pro- 
duced in aerials in one country and the resulting 
small currents or voltages in aerials or loops in 
other countries are measured in relation to one 
another. 

The difficulties associated with international 
comparisons of methods of field intensity measu- 
rement, for example, are very great since dif- 
ferent countries measure different quantities by 
the various types of apparatus which they usc. 

In the field of very high frequency current 
measurement considerable work has been done 
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towards placing such measurements upon a 
sound basis. These are referred to in the report 
of the National Committee of Great Britain to 
Commission 1 in which several methods are 
described. 

There remains а vast Пеја of measurement 
falling under the general reading of « general 
measurements and properties of circuits ». И 
is ullerly impossible to do justice to this field 
now, and the matter is not one which really 
requires any international action. 1 have tried 
lo summarise the present position in this field 
in Great-Britain in the above-referred to report 
of Commission 1, a fairly complete bibliography 
is also appended to that report. 


D.' Dye. 


British National Committee 


REPORT FOR COMMISSION I ON THE PRESENT STATUS IN GREAT-BRITAIN 
OF RADIO FREQUENCY STANDARDS MEASUREMENTS. 


The Report covers the period since the begin- 
ning of 1928 down to the time of writing. AS 
in previous reports, the subject matter is grou- 
ped under the headings 

1. Frequency. 

2. Current and Voltage. 

3. Inductance and Capacity. 

4. General. measurements and properties of 
circuits, 

1. FREQUENCY. 


(a) Primary Frequency Standards. 

Advances have been made in radio frequency 
standardisation in several directions. 

In the first place the measurement of time 
has received. considerable attention and the 
correlation of time with the standards of fre- 
queney has been made much more precise 
daring the past three vears, 

The present. position is such that in this 
country pendulum clocks still hold the field as 
«ceurale (пе keepers for. daily 
periods, 


and longer 
The use of time signals. transmitted 


in close cooperation with observatories, consti- 
tutes the means of determining the daily rates 
of standard clocks. It has been found at the 
National Physical Laboratory that time signals 
from Greenwich Observatory via Rugby are in 
remarkably good agreement with those from the 
Paris. Observatory via the Eiffel Tower. The 
signals from Nauen appear to be less regular 
and lo give а consistent small time difference 
from other two Observatories. Time signals 
from Washington have been received at the 
N. P. L. and at Greenwich Observatory but not 
with good regularity. As a regular practice, 
therefore, at Ше N. P. L., the rates of the 
standard clocks are determined from the Green- 
wich and Paris time signals only. 

It is hoped in the future that more observa- 
tories can be included in the determinations of 
mean lime, in more exact 
information regarding the rates of clocks and 
the variation of rates during the 24 hour periods. 


order to ора 


It may be stated that the precision with which 


Union Radio Scientifique Internationale. 19 


the rates of clocks of the Shortt type such as 
are used at the N. P. L. and at Greenwich retain 
their diurnal constancy, is of the order + 0.08 
seconds per day corresponding to an uncertainty 
of 4 parts in 10'. | 


In England the link between the clock as a 
time marker and frequency is made almost 
exclusively by means of tuning forks. 

The increasing demands for more and more 
accuracy in the standards and in the measu- 
rements of frequency has shown the necessity 
of maintaining the standards in a condition of 
continuous operation. 


At the N. P. L. and at the Post Office, tuning 
forks are maintained in vibration continuously 
and here and in other laboratories the frequency 
can be integrated up by means of phonic wheels 
so as to enable time to be recorded by tuning 
forks, thus converting them to clocks. 

At the N. P. L. the equipment consists of two 
tuning forks mounted in a constant temperature, 
constant pressure enclosure, and operated under 
conditions of batteries, etc., such that a 
constancy from hour to hour and from day to 
day is maintained to less than one part in a 
million. One of these forks drives a phonic 
wheel and chronograph drum, designed so that 
impulses once each hour can be recorded upon 
the drum, the impulses being obtained from a 
Shortt clock. In this way the hourly rate dif- 
ferences between pendulum clock and tuning 
fork clock are continuously recorded. The 
chronograph drum, of 5 cms. diameter, revolves 
once per second, and the impulse is traversed 
one mm. per hour along the axis of the drum. 
The surface of the drum thus travels about half 
a kilometre per hour so that the line of marks 
on its surface will make an angle of 45? with the 
drum axis for a rate difference of only two parts 
in a million. The slope of the line can be read 
by inspection at any time from a scale, and thus 
cnables the rate difference to be determined to 
one or two parts in ten million. 

The second tuning fork referred to above, has 
a frequency about one part in a million different 
from the first one and hourly rate differences 
between the two forks are also recorded upon 
the drum. А check is thus kept upon the 
regularity of the three time markers. 


The mean rates of the tuning forks for 
94 hour periods can, of course, be obtained 
directly from the astronomical time signals 


‘without the auxiliary of any pendulum clock in 


the Laboratory. This is done also at the Post 
Office using the Rugby time signals. It should 
be realised, however, that the mean rate of 
observatory pendulum clocks, over several days 
lime interval, constitutes the real basis of time 


'signals since transits cannot be observed every 


day, neither are they observable to the accuracy 
al present obtainable in frequency comparisons. 
This may be expressed by the statement that 
the real unit of time is not one revolution of the 
carth round its axis but several revolutions. 
The time subdividers must, therefore operate 
with regularity for days at a time and pendulum 
clocks appear to be superior to all other time 
integrators for such periods. 

The present state in Great-Britain is such that 
an accuracy and regularity of frequency is being 
maintained to about one part in a million 
continuously. 

Considerable work has been done at the 
N. P. L. and in other laboratories towards per- 
fecting tuning forks both as frequency standards 
and for frequency control purposes. 

In particular at the N. P. L. the investigations 
during the last three years have included : 

(а) Variation of damping coefficient with 
various modes of maintaining the fork 
and with various intensities of polarising 
magnetisation when used. zi 


(b) Variation of frequency with variation of 
amplitude, temperature, pressure, battery 
vollages and valve constants, type of 
subsidiary valve circuits. 

(c) Effects of method of mounting and of 
varying known amounts of unbalance in 
the prongs. From the latter investiga- 
Lions a very sensitive and accurate method 
of balancing has been evolved, whereby 
an almost perfect independance of the fre- 
quency with mounting conditions results. 

(d) Ageing characteristics with respect to time 
and to repeated: temperature cycling have 
also been investigated. 


These investigations have been supplemented 
by many others made at the Marconi Co. 's 
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laboratories and by the B. B. C., Post Office, 
ctc., and considerable work is still in progress 
in order to improve still further the constancy 
and reliability of this particnlary convenient 
form of frequency standard. 

The investigations of the Marconi Co. indicate 
that well-annealed mild steel has a better 
stability than the special alloy steels of small 
temperature coefficient. Such mild steel forks 


are used by them and by tlie B. B. C. in spite 


temperature coefficient, the 
necessitating of 


of their large 
measurement of frequency 
course, accurate temperature control. 

Tuning forks, by their considerable thermal 
mass, Can, however, be kept constant in tem- 
perature to 0.01° without difficulty. They are 
so kept in the cases quoted above, so that even in 
commercial transmissions, and in broadcasting, 
frequency constancy to a few parts in a million 
is maintained in stations equipped with tuning 
fork control. 

More information is needed regarding the 
ageing of forks, the effects of heat treatment 
and temperature cycling, composition of the 
steel. А comparison of various methods of 
driving including electric capacity drive in a 
vacuum as an alternative to the almost universal 
electromagnetic maintenance al present used, 
would give information of great value. 

Other frequency standards which may be 
classed with tuning forks, are steel bar vibrators 
mainlained in longitudinal vibration. Much 
work has been done at the N. P. L. on such a 
frequency. standard in the form of a bar of 
elinvar 1 metre frequency about 
2 500 cycles per second, driven by electric 
capacity coupling to small electrodes, one а! 
each end. For low frequencies, such a form of 
standard appears to be superior to a tuning fork. 
but, of course, is somewhat bulky and requires 
special heat. control to maintain its lenght at 
constant temperature. Such a 
been permanently set up at the N. P. L. but 
actual results on its behaviour are not at present 
available. 


long, of 


standard has 


(a) Magnetostriction Oscillators. 

Next in. order of frequency come magne- 
fostriction oscillators, and some work has been 
done by Vincent and а! the Admiralty Research 


Laboratory on such oscillators. Some prelimi- 
nary work carried out at the N. P. L. indicated · 
that such oscillators were never likely to equal 
luning forks in constancy of frequency owing 
lo greater damping, and to the large effects on 


frequency of the essential magnetisation. Two 
important papers on the subject, one by 


F. D. Smith on a ring form of oscillator vibra- 
ting in fundamental radial mode, and another 
by s. Butterworth on the equivalent electric 
network of a magnetostriclion oscillator, must 
be mentioned. In particular, the lalter paper 
sheds much light upon the conditions prevailing 
and upon the large effects of eddy currents upon 
thé whole behaviour of the vibrations and their 
reactions upon tlie maintaining circuit. 

(^) Quartz Resonators and Oscillators. 

А considerable amount of work has been donc 
in various Government laboratories upon piezo- 
electric oscillators, but only a meagre amount of 
information is available on the subject from 
these sources. 

А novel form of oscillator of the bar type, has 
been developed by Lucas at the Air Force 
Establishment. The bar is mounted in ап 
cvacuated glass bulb and vibrates longitudinally 
in various Government laboratories upon. piezo- 
Lar itself is at its centre by means of cork. The 
clectrodes leave ап appreciable air gap which is 
maintained constant. The frequency coefficient 
is about —3 х 107" in accordance with the elastic 
properties of quartz in any direction perpen- 
dicular to the optic axis. Specially insulated 
valves are desirable for use with such oscillators, 
but otherwise the circuit conditions are normal 
and the frequency variations according to 
theory, 

Convenicnt ranges of frequency are from 50 to 
100 kilocycles per second, so that the complete 
mounted bar in its bulb is of compact size and 
easily be temperature controlled, when desired. 

On the theoretical side, valuable contributions 
have been made by Visoureux, who has devel- 
oped the equations connecting the mechanical 
Vibrations in quartz bars with the piezo-electric 
and the dimensional constants. The agreement 
between the theory and experiments on such 
bars has shown that they behave in a simple 
manner with nearly pure longitudinal motion 
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for cases where the lenght dimension is large 
compared with the cross-sectional dimensions. 
It may be stated that for such bars, our know- 
ledge is fairly complete, but that some work on 
the effects of the small sheer component upon 
the temperature cocfficient of the vibrations is 
needed and wil probably be carried out. 

The piezo electric oscillator has also been 
thoroughly investigated by Vigoureux, at the 
N. P. L., and the effects of variation of all the 
external circuit conditions worked out and tested 
experimentally. Using the equivalent network 
of the quartz-electrode system, and developing 
the equations for maintenance of oscillations 
when the system is associated with a valve and 
suilable circuits, of the simple tuned anode cir- 
cuil type, it has been proved that the behaviour 
conforms closely to that predicted by theory. 
The matters investigated included the grid-fila- 
ment and erid-anode modes of connection. H 
was found, experimenlally and theoretically, 
that when the capacity in the anode circuit was 
greater than а certain value, oscillations were 
impossible at the frequency concerned, whilst 
for the erid-anode connection, oscillations were 
impossible for a capacity less than the same 
critical value. The frequencies were consid- 
erably different for the two critical conditions, 
— about one part in ten thousand, — but 
approached very nearly to each other as the 
critical conditions are receded from on each side. 

These effects and the effects of varying grid- 
anode and erid-filament admittances have been 
studied in detail and have shown good agrec- 
ment between experiment and theory. 

Given therefore the equivalent network of the 
quartz-electrode clement of an oscillating svs- 
tem, it may be taken that the behaviour under 
any external set of conditions is predicable. 


The work done in connection with the analysis 
of a quartz crystal electrode. element into its 
equivalent network, has shown. that no agree- 
ment with theory based on а simple com- 
pressional or shear vibration, ts obtained. The 
conclusion reached is that the vibrations are 
complex and this has been borne out by the 
work of Dve on the modes of vibration of 
piezo-electric quartz plates as revealed by ап 
interferometer arrangement, whereby the nature 


= 


of the vibrations is seen by еус, by examinalion 
of interference fringes obtained between the 
upper polished surface of the plate and a 
reference surface supported just above and very 
close to it. 


Ву this means, a large variety of plates has 
been examined at the N. P. L. Most of the 
plates have been cut with plane perpendicular to 
an electric axis, but a few have also респ cut 
with plane containing an electric and the optic 
axis. The plates were found to all show several 
modes of vibration near that corresponding to 
the fundamental compressional mode in thick- 
ness direction. When these various modes are 
examined in the interferomeler, it is imme- 
diately seen that they are complicated. The 
important conclusions drawn from these experi- 
ments are that when a plate vibrates in either 
fundamental compressional mode, or in funda- 
mental shear mode, according to tvpe of cut, at 
frequencies corresponding to thickness direction 
of vibration, then, associated with this tvpe of 
vibration (which must! necessarily occur), there 
are other overtone compressional, flexural, 
torsional or other kinds, in directions parallel 
with the plane of the plate. These components 
of the resultant vibrations absorb energy and 
involve additional stresses in the material which 
are undesirable and result in a great reduction 
of the effective piezo-electric reaction of the plate 
upon its electrodes, and risk of fracture and 
temperalure rise. The temperature coefficient 
of the resultant vibration is greatly dependant 
upon the relative values of the components of 
the motion, since quartz has verv different 
temperature. coefficients of moduli in varying 
directions. 


Work is in progress upon the analvsis of the 
resultant motion into its components using 
rectangular plates and operating upon the 
dimension ratio of thickness to each of the other 
two dimensions. This observation of resonant 
crevasses and their relative positions and inten- 
sities as functions of temperature, together with 
photographs of the mode of vibration as given 
by interferograms constitutes one of the impor- 
tant investigations to be made upon quartz 
plates not only. from the point of view of their 
use as frequency standards, but also to obtain 
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fundamental information upon the relationships 
of the various elastic moduli to one another 
and to the boundary conditions of the plate. 
The general mathematical solution of such a 
problem is well nigh insuperable but attempts 
at some simplified cases are being undertaken. 


On the pratical side, the use of piczo-electric 
oscillations steadily becomes more wide-spread, 
but in general lags behind the possibilities and 
behind development in other coutries. As a 
general statement, it may be said that entirely 
satisfactory plates can be cut and adjusted to 
any desired frequency up to about 5 x 10° 
cycles per second. The boundary conditions 
at the plate edges can always be adjusted so that 
one mode of vibration predominates and is the 
only one at which oscillation occurs. The 
adjustments of temperature coefficient by 
adjustment of boundary conditions so as to 
obtain a zero or very small temperature coeffi- 
cient, are not yet under control for plates 
vibrating compressionally at any frequency, 
nor for plates vibrating in shear for frequencies 
greater than 1 x 10° cycles per second. 


А new type of oscillator in the form of an 
annulus of quartz cut with plane of the ring 
perpendicular to the optic axis and mounted in 
an electrode system connected so as to maintain 
the fundamental longitudinal mode, has been 
experimented upon at the N. P. L. and shows 
great promise as a standard for the highest 
possible precision. The rings vibrate in such 
fashion that the mean diameter expands and 
contracts, everv part of the ring having a radial 
vibration. The stress and strain are uniform 
all round the ring and are of pure compressional 


kind. The temperature coefficient is not yet 


known but will certainly be very small. The 
frequencies for which such rings can be made 
conveniently, range from 20000 to 50 000 
cycles per second. 

‘Summarising the present position in relation 
to frequency production and standardization, it 
may be stated that for frequencies up to 3 000 
cycles per second, tuning forks are used; up 
to 50 000 cycles per second harmonics of tuning 
forks and, to a much less extent, magnelostric- 
tion oscillators, are used; from 50 000 up to 
1 000 000 cycles per second quartz oscillators 


and multiplied frequency from tuning forks 
are used, and to a small extent purely electrical 
valve systems. The extension of the region to 
5 000 000 cycles per second, is governed by the 
use of quartz oscillators and special electrical 
circuits. Above 5 000 000 cycles per second, 
harmonic control from crystal oscillators is 
chiefly used, but considerable attention has been 
given to purely electrical oscilatory systems, in 
particular by the Marconi Co. 


The electrical oscillatory system as a standard 
of frequency is beginning to receive attention, 
and its possibilities are being explored. Work 
by the Marconi Co. on master oscillators in the 
frequency region 5 to 30 mega-cycles per second 
shows considerable possibilities meriting further 
investigations. By suitable choice of materials 
and design im the essential oscillatory circuit 
temperature coefficients as small as 1 in 10° 
have been obtained. The conditions to be 
satisfied in the valve circuits have also been 
explored mathematically and experimentally by 
E. Mallett and F. Colebrook and others. The 
former has shown how the use of a series anode 
reactance can be used to compensate for the 
changes in frequency which would otherwise 
occur, due to change in the valve characteristics. 

Since in all valve oscillatory systems the 
amplitude built up must be defined by а 
departure from linearity in the valve or circuit 
characteristics, harmonics must inevitably be 
introduced and a variation in fundamental 
frequency will also result. The conditions 
associaled with this non-linearity have not been 
fully developed owing to mathematical com- 
plexity but simplified cases have been worked 
out by Colebrook and suggestions for further 
theoretical and experimental work are seen to 
be highly desirable. 

In closing this section on frequency standards 
from the point of view of maintained frequency, 
the writer feels justified in quoting a short 
abstract of a note by A. S. Eve in « Nature » on 
the « Growing Importance of Frequency ». « А 
scientific status for frequency is urged compa- 
rable to that for energy, mass and heat. The 
conservation of energy has its counterpart in the 
conservation of frequency. In place of the 
linkages in nature such as е= тс? = hf = Ја, we 
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can, by adopting « Superunits» write down 
E=M=F=Q wherein energy, mass, frequency 
and heat all appear expressed with the same 
number. Also the  Einstein-Bohr equation 
ho=W, — W. can be written v=f, — fe The 
linkage between energy and time suggests а 
close relationship between and fre- 
quency ». 


energy 


Wavemeters. 


Wavemeters by which frequency is read or 
deduced from a scale. reading, may vightly be 
included under standards, if of suitable quality 
and advances in design and construction, during 
the last three years have shown that resonating 
and oscillating wavemeters have notably advan- 
ced in accuracy and permanence. 

Some of the aspects of oscillating wavemeters 
have been touched above in connection 
with purely electrical frequency standards. 
The principles laid down have been carried into 
practice in oscillating wavemeters constructed 
at the N. P. L. to cover a range from 10 to 20 000 
metres. D. F. Martyn has also contributed an 
article in the Phil. Mag. on frequency variations 
in valve oscillators. 

Highly accurate wavemeters of the self- 
oscillating type are available, as made by 
instrument-makine firms. Those of contin- 
uouslv variable type over a long range attain 
an accuracy of about 8 parts in 10 000, whilst 
specially adjusted instruments to cover only а 
limited range айат ап accuracy and perma- 
nence of 1 part in 10 000. 

The resonant type of wavemelter has also 
received much attention at the hands of one 
instrument firm who has developed accurate 
variable air condensers (of which more will be 
said later), and inductances so designed that 
the whole instrument has a very small tempera- 
ture coefficient and also remains constant with 
time. Such wavemeters are. somewhat bulky 


upon 


but retain their calibration accuracy to about 
1 part in 10 000. The Marconi Со. has also 
developed station wavemeters of the resonant 
type, and has reached a good state of perfection 
mainly by attention to mechanical principles in 
the design. These wavemeters, specially suited 
to short wave measurements, are mounted in 
temperature regulated glass-walled enclosures 


‘which ensure a permanence of calibration 


accuracy to about 1 part in 10 000. 

Wavemeters of (ће resonant type, as described 
above, are also used sometimes with a valve 
circuit. connected to the wavemeter, so as to 
produce the least disturbance on the resonant 
frequency or used as a negative resistance to 
maintain oscillations in the wavemeter without 
Ihe use of auxiliary inductances. 


Quartz Resonators. 

As adjuncts to provide fixed frequency points 
in conjonction with resonant wavemeters, the 
familiar type of quartz resonator is sometimes 
used. lt cannot be said, however, that the 
practice has been developed to the extent which 
would be justified by the great accuracy, porla- 
bility and convenience of the quartz resonator. 
The luminous types of resonator mounted in a 
glass bulb in an atmosphere of a mixture of 
helium and neon, under reduced pressure, are 
particulary satisfactory types of resonator, much 
used in Germany, but only very seldom seen in 
this country. There is no doubt from the 
writers experience of these resonators, that 
they are capable of providing a known frequency 
in an independent valve oscillator to an accuracy 
of about 1 part in a hundred thousand. 

A number of international frequency measure- 
ments bave been made from time to time durine 
the past three vears and are detailed in a separate 
Appendix ('). 


2. CURRENTS AND VOLTAGE. 

Advances have been made in current measure- 
ment particularly ^at. very high frequencies. 
K. B. Moullin has perfected an instrument which 
is electro-dynamic in principle. The repulsion 
between two parallel conductors carrying the 
same current is the actual means used to observe 
and measure the current. 
that calculations of all the factors which enter 
into the expression for current can be calculated. 


The design is such 


These factors include, of course, the main term 
and a number of terms involving the distributed 
capacity, inductance and effective resistance of 
the active conductors. These can all ђе calen- 
lated or measured, and the correction terms ђе 


(!) See p. 27. 
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therebv determined. In a modified form for 
larger currents, the difficulties of leading the 
current into and out of the moving conductor 
have been overcome by using the principle of 
mutual induction into the moving element. 
The moving element is a cylindrical tube moun- 
ted excentrically with respect to an enclosed 
fixed conductor which carries the current. The 
whole is enclosed in oil for damping and cooling 
purposes. The accuracy is stated to be aboul 
1 % at frequencies as high as 30 x 10° cycles 
per second. 


Another type of extra high frequency amme- 
ter developed by C. C. Fortescue, utilises the 
thermal effect of current. The form of this 
instrument is that of a wire concentrically 
mounted in an enclosing tube. The measurc- 
ment is made by expansion of the wire. Curr- 
ents larger than that permissible in a single 
wire, are measured by using a cylindrical cage 
arrangement of identical wires and tubes, сатс 
being taken to ensure symetry in the end 
connections. The expansion of one wire is 
used in measuring the current. 


The system lends itself to a comparatively 


simple calculation of the correction terms 
depending upon distributed inductance and 
capacity and skin effect in the wire, The 


latter term is, of course, of great importance. 
Currents of frequency as high as 100 x 10* have 
been measured by such devices, but one of the 
great difficulties encountered has been to devise 
circuits by which different current measuring 
instruments can be compared. The bridge 
system adopted would appear to be very satis- 
factory in this connection. 


At the National Physical Laboratory work 
has been done following up that carried out 
some years ago on a mercury coil in glass tubing. 
The arrangement for current measurement 
consists of a straight glass tube filled. with 
mereurv and enclosed іп a concentric return 
tube. A capillary tube communicating with 
Lie mercury, serves to indicate, by the expan- 
sion of the mercury, the current, 

An alternative method uses (wo cylindrical 
conductors contained in two concentric shields 
and compares the differential expansion when 
alternating. current is sent through one and 


direct current through the other; by such 
comparalive measurements, thermal effects, 


other than those due to the currents, are 


eliminated. 

Work is in progress in connection with all 
these methods and developments may be expec- 
led in the near future after intercomparison 
measurements, also in progress, have indicated 
what are the probable errors associated with 
each. Other methods utilise the thermionic 
emission of a valve. The filament of the valve 
is used as the current-carrying element and the 
emission is used to measure the current. 

But little work has been done upon current 
transformer or condenser dividers for measure- 
ments of large currents at extra high fre- 
quencies, but transformers with air core have 
been used successfully at frequencies of 10 х 10° 
cvcles per second, and condenser dividers have 
been developed for currents of 50 amperes at 
frequencies up to 5 х 10*. The residual induc- 
tances of condensers fixe the present limit of 
frequency at which they can bc used in parallel 
for purposes of current subdivision for measure- 
ment purposes. 


Experiments on current measurement by 
utilisation of the potential difference at the ends 
of a suitable resistance unit have been made at 
the N. P. L. using a valve to measure the 
method gives very good agreement with thermo- 
junction methods up to 2 x 10* cycles per second, 
but divergences occurred from this value up to 
10' cycles per second. Various differences were 
obtained with various types of thermo- junction, 
the indications being that the valve method is 
at least as satisfactory as the thermo-junction 
method, with the advantage that greater sensi- 
tivity can be obtained if desired. 


In connection with the measurement of уегу 
small voltages, as in field intensity measure- 
ments, etc., advances have been made in the 
used to calibrate such apparatus. 
Screened oscillators and attenuators have been 


Means 


designed and proved satisfactory for frequencies 
up to 20x 10". In some forms the attenuator 
consists of a transmission line of concentric 
form for which the calculations can be made 
wilh accuracy. [n others, as in a portable 
intensity measuring set for frequencies from 5 
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to 12 mega-cycles per second, resistance attc- 
nuation is used and the mutual inductances are 
of toroidal form. 

The valve voltmeter has been investigated 
fairly fully and its possibilities and limitations 
are known. Moullin has developed a peak volt- 
meter operating by the principle of cumulative 
grid rectification, the mean grid potential being 
equal to the peak value of a sine wave of applied 
By the emission of the grid condenser, 
the apparatus is converted to a mean voltmeter. 
The instrument has an input resistance of about 
1.5 megohms and depends for its calibration 
upon the constancy of this resistance. 

The copper oxide rectifier has also been 
applied commercially to the construction of 
milliammeters for alternating current. Such 
instruments read the mean rectified current but 
since al high frequencies, wave distortion is not 
very great, the readings may be taken as 
proportional to root mean square values also. 
Hartshorn has investigated the behaviour of 
such instruments and has found that 
siderable errors occur due to the resistance of 
the instrument varving with current passing 
throught it, and at the same time the rectifier 
behaves as if shunted by a condenser of con- 
siderable capacity. It was found possible to 
compensate these errors by the use of an 
inductive shunt salisfying certain relations. 
Ihe errors were reduced in a typical case from 
30 75 between 50 and 10 000 cycles per second, 
to a negligibly small amount. 


voltage, 


COL- 


3. CONDENSERS AND INDUCTANCES. 


Progress has been made in the design and 
construction of these essential adjuncts to radio 
frequency measurements. For wavemeter pur- 
poses, special variable condensers of great 
permanence have been constructed embodying 
the principle of two condensers in series. These 
condensers have a moving system of thick plates 
not connected to the terminals, but serving to 
take up the space between other fixed banks of 
plates forming tho actual capacity. The system 
is thus equivalent to two condensers in series 
and hence a considerable axial displacement of 
the moving system causes no change in effective 
capacity. By careful attention to the form and 


disposilion of the insulating material, the tem- 
perature coefficients of such condensers can also 
be made verv small. 

Such condensers retain a calibration accuracy 
of at least one part in 5 000, and used as the 
capacity element of resonance, wavemeters allow 
of an accuracy and permanence of frequency 
calibration to 1 part in 10 000. 

Other special types of condenser developed 
for short wave wavemeters and for giving very 
small capacity changes on an open scale, are 
made in the form of one cylinder. mounted 
excentrically upon an axis parallel with and 
excentric to the axis of another cvlinder within 
which it is contained. The cylindric surfaces 
can be produced with good accuracy, and the 
law of capacity variation be determined by 
calculation. Capacity changes as small as 
0.001 pu F. may be read upon such condensers. 


For purposes where capacities are required 
(о be made exceedingly small, in connection 
with coupling systems for attenuation, etc., 
condensers embodying a sliding or turning 
member operating in front of an opening 
between two compartments, have been used. 
By such means, a variable capacity of range 
down to zero value may be obtained. 

The development of bridges. with Wagner 
carthing arms for radio frequency measure- 
ments, has made possible the use of standard 
variable air condensers of thrce-terminal type 
in which the two working clectrodes are each 
supported upon quartz or other insulating 
material, directly upon a base plate forming part 
of the independent screen. In this way all 
dielectric losses are transferred to the auxiliary 
capacities between each clement and carth. 
The effective working capacity is, therefore, free 
from all dielectric losses and by suitable design 
of the plate system can be made to have 
unmeasurably small conductor losses. Such 
condensers are to all intents and purposes perfect 
from a loss point of view and serve as primary 
standards of capacity. Such condensers are in 
regular use at the N. P. L. and have proved very 
satisfactory. 


Inductance coils for wavemeter purposes have 
also received attention at the hands of instru- 
ment makers, and have reached a considerable 
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degree of perfection in respect of temperature 
coefficient and freedom from effects of humid- 
ity. These results are obtained by choice of 

suitable insulating malerials of different thermal 
expansions which, by a differential expansion 
effect, cause a compensation of the changes in 
inductance due to changes in diameter and 
axial lenght of the coils. 

In apparatus used in connection with work 
where shiclding is necessary, there is a growing 
tendency to use toroidal coils. The design of 
these is well worked out and after allowing for 
the considerable increment in resistance of 
ordinary cylindrical coils when enclosed in an 
effective shielding box, the toroidal form are 
not sensibly greater in effective resistance for 
the same overall dimensions. 


4. GENERAL MEASUREMENTS 
AND PROPERTIES OF CIRCUITS. 


There has been a very great development in 
the applications of radio frequency to all kinds 
of measurements and it is, of course, impossible 
to give а very clear perspective of the present 
position. 

Considerable advances have been made in the 
use of bridge networks at radio frequencies; such 
bridges arc in use at the Post Office, and at the 
laboratories of the Standard Telephones & 
Cables Co., following the principles of G. 4. 
Campbell whereby each arm is independently 
double-screened. At the N. P. L. much time 
has been spent upon a Schering Bridge for 
accurate measurements upon dielectrics, con- 
densers and other inpedances at radio frequen- 
cies up, to 2x 10* per second. In this bridge 
the phase angle of condensers can be measured 
to an accuracy of about 8х 10* radian. The 
bridge is provided with а Wagner earthing nel- 
work and the conditions enabling a rapid 
convergence of the alternate bridge and Wagner 
balances to be obtained, have been worked out. 
This feature is of great importance and is one 
of the governing factors, making it possible to 


use a Wagner device at radio frequencies, 
With such a bridge, special three-terminal 


condensers with independent sereen may be 
used as indicated in the 
densers. 


section under con- 


The losses in high class variable air condensers 
of the usual two-terminal type, can be measured 
with good accuracy in terms of such standards 
on à bridge of the kind developed at the N. P. L., 
and many condensers have been so measured 
and their losses have been analysed into their 
respective components. 


Completely satisfactory electrode systems have 
been evolved for accurate measurements of 
power factor of dielectrics of all kinds in sheet 
form, using mercury electrodes. Other appli- 
cations of the bridge are to the direct measure- 
ment of impedances of radio frequency chokes, 
valve element impedances as well as: effective 
resislance of inductive coils of normal kind. 


Sutton has carried out experiments on con- 
densers by the use of a principle of similitude 
in which the condensers are immersed in a 
conducting liquid. By analysis of the results 
obtained with air and with the conducting 
liquid as diclectrics, at various frequencies, it 
lias been found to separate out and determine the 
components of loss in the air condenser due to 
conductor and dielectric respectively. Sutton 
has also carried out measurements of power 
factor and capacity of the electrodes and bases 
of various valves, and has shown the importance 
of an accurate knowledge of these in cases of 
valve voltmeters and other measuring devices 
where valves are used. 

Mutual inductances which are variable, have 
been used for high frequency resistance meas- 
urements on coils by circuit arrangements 
which avoid a knowledge of the power factor of 
variable condensers. 

The use of frequency change in various wire- 
less measurements is coming more and more 
into use, as the peculiar advantages of fre- 
quency аге being realised. Thus Colebrook 
and others have shown the convenience and 
accuracy of methods based on those originally 
developed by Willans in which the resonant 
circuit. under measurement has no measuring 
devices connected to it. The circuit is coupled 
fo an oscillator and the frequency changes 
observed as the tuning capacity in the oscillator 
IS varied. through of the circuit. 
From observations of the instantaneously sla- 
tionary values of the frequency, the constants 


resonance 
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of the circuit mav be determined. Good 
accuracy up to frequencies of 10 megacycles per 
second has been obtained. The normal resist- 
ance variation methods of effective resistance 
measurement have also been found quite satis- 
factory at frequencies of 10’ cycles per second. 


Numerous investigations have been made 
upon valves both on the thcorctical and on the 
experimental sides; it is impossible to refer to 
these in any detail. They include theoretical 
investigations into rectification and generalised 
analysis of triode valve equivalent net works, 
filter systems, including valves in which fil- 
tering and amplification are combined. The 
measurements of thc effective grid-filament 
and anode-filament impedances of three and 
four electrode valves have been investigated at 
telephonic and at radio frequencies. New 
methods have also been evolved for the 
measurement of the residual capacity between 
working grid and anode of screen-grid valves; 
examples of capacities as small as 0.0014 up F. 
have been found. The measurements can now 
be made to an accuracy of about 0.00005 pp F. 
at radio frequencies. In one such method used 
at the N. P. L. the change in effective grid- 
filament input impedance of the valve resulting 
from a change from zero to a large anode 
impedance, is used as a measure of the effective 
grid-anode capacity, and since an amplification 
of several hundreds as given by the valve itself 
is operative, very good sensitivity can ђе 
obtained under working conditions. 


D. W. Dye., D. SC, Е. R. S. 


APPENDIX TO REPORT OF COMMISSION !. 


RADIO FREQUENCY INTERNATIONAL. 
COMPARISON MEASUREMENTS 1928-1931 (!) 


The proposals originally made at Brussels in 
1928 were that three methods of intercomparison 
should be used, viz., 


(a) Simultaneous measurement of the U. S. 
Naval Short Wave Station at Arlington. 


(b) Circulation of Piezo-Electric Oscillators. 


(1) See p. 23. 


(c) Transmissions of telephonic frequency mo- 
dulations of accurate known values super- 
posed upon a carrier wave of conve- 
nient value. 


(a) Simultaneous Measurements. 


These methods were all followed up but, 
unfortunately, the first met with very little 
success. The programme arranged а first by 
the short wave station was not well received in 
Europe including Great-Britain. А second pro- 
gramme was arranged at a more suitable time 
of day for the transmissions but, unfortunately, 
was sent out on a day of the week other than 
that arranged. 1n addition, an Italian station 
of almost identical wave length caused serious 
interference. 

Further transmissions under improved condi- 
lions were promised but, up to the time of 
writing, these have not been announced. 

In the meantime, announcements of specially 
constant transmissions from the Bureau of Stan- 
dards Washington, at 5 000 kc/s. have appeared 
and show great promise of their suitability for 
international comparison purposes, if not too 
weak. 
Information will be forthcoming shortly upon 
the reception conditions at the N. P. L. in regard 
to this transmission. 

The only measurements successfully made in 
England on the Naval Station at Arlington were 
made by the Post Office and gave agreement to 
about 2 parts in a million with the Washington 
values. | 

In 1930 measurements on several occasions on 
the Eiffel Tower transmissions were made in 
France and in England and gave the mean 
results 

Paris . 


| 207 398 ke/s. 
N. P. L.. 


207 402 kc/s. 


The mean variation from the mean attributa- 
ble to the station variations in frequency was 
+ 4 x 1075 or twice as great as the mean dif-- 
ference between the two countries. 


(5) Piezo-Electric Oscillators. 

At the time of the previous report, two of 
these have been circulated from the Bureau of 
Standards. These were not. temperature-con- 
trolled and were measured at different tempera- 
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tures in different Laboratories. The results on 


these oscillators showed clearly that they were. 


unequal to the task of really comparing the 
nalional standards, the differences observed 
amongst five laboratories had a mean value of 
+ 2.5 x 10—* in frequency. 


In 1929 a more perfect form of oscillator 
with temperature control was circulated by the 
Bureau of Standards; this oscillator gave very 
much reduced differences. The mean variation 
from the mean in five laboratories was =8 x 1075 
with the N. P. L. values at -— 4x 1075 from the 
mean and — 8 x 1075 from Washington. The 
differences in frequency between the values at 
Washington beforc departure and after return 
from ils circulation amounted to 2 parts in 


100 000. 


Later in 1929 another temperature-controlled 


quartz oscillator brought by hand from the B. 5. 


was measured in France, Italy, Germany, Great- 
Britain and U. S. 4. The mean variations from 
the mcan of all measurements made were 94, 
— 29, +15, +6, +31 parts in 10° respectively, 
showing an improvement over the previous 
measurement. 


In 1931 a quartz oscillator was brought over 
from Paris by M. Jouaust in connection with 
international comparison work entrusted to him 
on behalf of the Comité Consultatif Internatio- 
nale Radio. This oscillator was of very good 
design, stability and reproducibility, except for 
one occasion when it developed another mode 
of vibration. The oscillator has been measured 
in France, Germany and Нају but the complete 
results are not vet. available. Those between 
France and England gave the result 


Paris 162 052.7 cycles per sec. 
N. P. E, + 162 052.8 cycles per sec. 


This result is exceedingly satisfactory for a 
measurement on a portable oscillator. The varia- 
tion before and after the journey between Paris 
and London was about 2 parts in 10°. Observa- 
lions made upon this oscillator when running in 
the steady state, showed continual very small 
variations in frequency suspected to be the result 
of small movements of the crystal resulting from 
the vibration, Fle mean variations in frequency 
thus observed was just 1 part in a million, In 
a valve source with the 


used in connection 


measurements, the mean variations — if real — 
were less than 2 parts in 10 million. The 
extreme agreement belween the two measure- 
ments at the two laboratories on this oscillator 
must be regarded as accidental. 


Quartz Resonators. | 

Some experience has now been gained in the 
use of quartz resonators as frequency standards 
suitable for intercomparison purposes. Та 1929 
M. Jimbo brought from country to country а 
luminous resonator of the kind developed in Ger- 
many. This was measured in many labora- 
tories and very good agreement was obtained. 
The mean variation from the mean frequency 
was опју 15 parts in 10° on a frequency о! 
10 000 cycles per second, which the bar vibrating 
flexurallv had as its fundamental of that mode. 

In February 1981, M. Jouaust brought over a 
resonator of Gicbe type, of frequency 100 000 cy- 
cles per second, and this resonator was measured 
at a number of European national laboratories. 


The complete results are not yet available but 


between England and France the results were 


Paris . . | 99 975.9 c/s. 
МР Бе à: « à 99 976.0 c/s. 


again showing a good agreement. These reso- 
nalors are not temperature-controlled and the 
condition of resonance is observed visually by a 
glow which appears at the stressed regions of 
the resonator. With temperature control, and 
more sensitive and accurate means of observing 
resonance, it is believed that such resonators 
would be capable of giving comparisons to one 
or two parts in a million. 


(c) Telephonic Modulation. 


The idea of utilising a telephonic standard 
frequency. modulation on a carrier wave origi- 
naled with the writer on the occasion of the last 
meeting of the U. R. S. I. and since that time 
various tests of the principle have been made 
both at the N. P. L. and in Paris by M. Jouaust 
who has adopted the idea on behalf of the 
C. C. LR. | 

The first measurements made were on trans- 
missions from the Eiffel Tower in 1980 using à 
fork of 1 024 c/s. frequenev on the carrier wave 
of 207.4 kc/s. 
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Four separate series of transmissions were 


made and gave results at the N. P. L. 1 024.089, 


1 024.052, 1 024.078 and 1 024.043. The corres- 


ponding measurements in Paris were 1 024,091, 


1 024.089, 1 024.072 and 1 024.046 evcles per 


second. ‘The measurement in Paris, 1 024.072, 


was considered less accurate. than the others 
owing to stoppage of the phonic wheel. ‘The 
means, neglecting this measurement, are in 
agreement to less than 1 part in a million. But 
the mean variation is + 2.5 parts in a million 


which represents more closely the probable. 


accuracy of the comparisons. Small drifts of 
frequency amounting to about 8 parts in a mil- 
lion, occurred during an hour's transmission. 
Quite recently the B. B. C. station 9 NN at 
Daventry, has transmitted. а modulation al 
1000 c/s. on a carrier frequency of about 
193 kc/s. The measurements on this, made in 
Paris, Post Office and N. P. L. gave mean results 
1 000.049 cycles per sec. 
Post Office . 1 000.043 cycles per sec. 
N. P.L... . . 1 000.042 cycles per sec. 
The Paris measurements are open to confir- 
mation, and it is thought that the difference 


Paris. . . . 


from the English measurements is larger than 


experimental errors. Other comparison measu- 
ments were made on this transmission but they 
are not vet available. 

lt is hoped to continue these transmissions as 
a programme once a month on Tuesday. mor- 
nings. Future transmissions will be more con- 
stant than this first one, which showed a drift 
of about 6 parts in 10° during the hour. ‘The 
tuning fork was not temperature-regulated and 
would easily account for such drift. 

In general, it may be said that transmissions 
of both kinds and quartz oscillator and resona- 
tor standards vie with one another in their 
improved operalion in trving to keep pace with 
the greatly improved. national standards durine 
recent vears. 
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COMMISSION II. — PROPAGATION DES ONDES. 


COMMISSION II. — RADIO WAVES PROPAGATION. 


INTRODUCTION. 
La Commission de la Propagation des Ondes The Commission on Radio Wave Propagation 
est composée des membres suivants : is composed of the following members : 
Président : M. le D' L. W. AUSTIN, du Laboratory for Special Radio 
Transmission Research, Bureau of Standards. 
Belgique : M. le Prof? Th. DE DONDER., Membre de l'Académie Royale 


de Belgique, Professeur à l'Université de Bruxelles; M. le 
Prof’ Fr. VAN DEN DUNGEN, Professeur à l'Université de 
Bruxelles et M. le Prof’ G. VAN LERBERGHE, Professeur à 
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COMPTE RENDU DES SEANCES. 


— ACCOUNT OF THE MEETINGS 


SÉANCE DU SAMEDI 30 MAI. — MEETING OF SATURDAY, MAI 30". 


La séance est ouverte à 16 heures sous la 
présidence de M. le Dr. L. W. Austin. M. lc 
Prof' E. V. APPLETON est désigné comme Vice- 
Président et M. le Prof Mesny comme Rap- 
porteur. 


Le Général Ferrié demande la parole et sou- 
haite la bienvenue au Prof' Wagner qui a bien 
voulu venir prendre part aux travaux de 


ГО. R. S.I 


Le Prof Mesny donne ensuite lecture de la 
proposition française relative aux mesures régu- 
lières à entreprendre dans tous les pays sur la 
hauteur de la couche de Kennelly-Heaviside (°). 


Prof" Appleton remaks that actually the par- 
ticipation of eight measuring stations might be 
expected : one in China (Shangai), two in Ger- 
many, one in Great-Britain, one in France, one 
in Poland and two in !he United States. 

Happily the two most used methods : that 
of frequency change and that of group retarda- 
tion measure the same quantity, so that each 
station may use whichewer of the two methods is 
more convenient. 

It would be very desirable to carry out the 
measurements on two waves round 80 and 
170 metres, with a view of obtaining data on the 
two Kennelly-Heaviside layers. 

These measurements should be made every 
week at midnight local time on the Wednesday 
and at midday on the Thursday. 


Le Général Ferrié se rallie aux propositions de 
M. Je Prof Appleton, mais comme il pense qu'il 
ny a pas plusieurs couches distinctes mais un 
milieu dont l'ionisation varie de facon continue, 
il estime que l'on devrait plutôt faire varier la 
longueur d'onde employée d'une facon continue 


(1) Annexe I, p. 38. 


Џ • А . 
autour de sa valeur moyenne. On verrait ainsi 
si l'on n'obtiendrait pas des variations continues 
de la hauteur mesurée. 


Prof Appleton thinks that this method would 
be too laborious for general use, and that 
it is unnecessary for the following reason. In 
his own experiment he has already shown that 
a continuous variation of frequency shows only 
very small variations of the effective height until 
a critical frequency is reached near which a very 
small change of wavelength shows a very con- 
siderable increase in effective height, this new 
height being about twice the original height. 
If the frequency is still further reduced, the 
variations of this new height are again very 
small. 


D" van der Pol thinks the two points of view 
may be defended and since the nature and dispo- 
sition of the layers may vary with latitude, he 
suggests that both methods should be used. 


The Chairman declares discussion on this 
closed point and asks if Prof’ Appleton would 
undertake to organize the work and to collection 
the results. 


Prof" Appleton agrees with this want. 


The Chairman proposes the appointment of a 
sub-commission to study the inter-relations of 
radioclectric, physical and astronomical pheno- 
mena in connection with the problems of the 
upper atmosphere. Professors Appleton and 
Chapman, nominated by the Chairman, agree 
to act as a sub-commission for this purpose. 


Le Rapporteur donne ensuite lecture de la 
deuxième proposition francaise (?). 
Prof' Chapman agrees with this proposal. 


(1) Annexe I, p. 38. 
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The Chairman remarks that the American 
National Committee has examined the question 
. and is not very favourable to the present propo- 
sal, as the Committee is doubtful of the valuc 
of measurements of intensity vatiations, espe- 
cially for long waves whose variations are often 
of little importance. This Committee is also 
alarmed at the prospect of an accumulation of 
a great mass of numerical data. 

He proposes that the French National Com- 
mittee should be asked to carry out work of this 
character for a trial period of a year before any 
general action is taken. . 


Le Général Ferrié accepte pour le Comité 
National Français. 


Dr. Smith-Rose announces that the British 
National Committee hopes that the British 
authorities will, at their own expense, send out a 
Polar Year expedition to carry out measurements 
on the effective height of the Kennelly-Heavi- 
side layers and on the distribution of ionisation 
in them. It would be very desirable that other 
countries should do the same, and in particular, 
that the American National Committee should 
carry out work if this kind in North America, 
near the magnetic pole. 


Prof' Appleton gives some details on the Bri- 
tish expedition; it is hoped to send three workers 
for a period of three months beginning in the 
University vacation of 1932. | 

He suggests that the American National Com- 
mittee may obtain assistance and support from 
the Rockfeller or Carnegie Foundations for work 


of this kind. 


Prof Pedersen announces that probably a 
Danish mission will be sent out, but it is not 
vet certain. 


Dr. van der Pol makes a similare statement for 
Holland. 


Le Général Ferrié indique que la France 
enverra une mission et que, si la nature du per- 
sonnel qui y participera le permet, on pourra 
aussi faire des mesures sur la hauteur de la 
couche de Kennelly-Heaviside. 


Prof la Cour regrets not to be able to give 


preuse information upon the various missions, 
he has not yet received definitive reports. 

He suggests the appointment of a sub-com- 
mission, to which he undertakes to communicate 
all the information he receives on the subject of 
the Polar Year programme. 


Le Général Ferrié estime que cette Sous-Com- 
mission ne devra pas borner son travail aux 
prévisions relatives aux mesures de la couche 
Kennelly-Heaviside, mais l'étendre aux phéno- 
тепез de propagation et des atmosphériques. 
Elle devrait donc comprendre des spécialistes de 
ces questions, 


The Chairman then suggests the appointment 
of a commission of five Members of which M. la 
Cour should also be a member.  Commis- 
sions Ш et IV would each present another. 


Le Prof’ Appleton est désigné pour la Com- 
mission Il. 


Dr. van der Pol remarks that it would be very 
desirable that the sub-commission should draw 
up instructions for the staff of the mission, a 
staff which ought to be formed beforehand. 


Prof Appleton thinks it would require about 
two months to train a graduate in sciences for 
these measurements; an ordinary assistant is not 
sufficient. 


The Chairman remarks that the discussion on 
this subject is exhausted and begs M. Braillard 
to read his work on « Contribution à l'Étude des 
Lois de Propagation des ondes hertziennes dans 
la gamme de 150 à 1500 kc/s. » ('). 

After this communication, the Chairman says 
that he finds it remarkable that such a limited 
number of observations has given so regular 
curves. 


Dr. van der Pol remarks that in this work only 
maximal values of the fields have been con- 
sidered. | 


M. Braillard donnera dans sa note toutes indi- 
calions de détail relatives aux observations parti- 
culières pour éliminer toute incertitude sur les 
résultats d'ensemble. 


(!) Annexe II, p. 39. 
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SÉANCE DU JEUDI 4 JUIN. — MEETING OF THURSDAY, JUNE 4". 


La séance est ouverte à 10 heures sous la pré- 
sidence de M. le Dr. Austin. 


The Chairman summarises the contents of his 
report on relations between propagation and 
solar activity (2). 


Dr. Watson-Watt points out that observations 
on almospherics add tothe data availableon these 
relationships. For example during atmospheric 
observations thourought Western Europe, upon 
frequencies from 200 to 800 kc/s., only once on 
seventeen days of observation, was a total absence 
of atmospherics found simultaneously at nearly 
all the stations; the intensity of atmospherics 
remained much below 1.1 mv/m. during the ten 
minutes of observation. The phenomenon oc- 
cured on the day of a great magnetic disturb- 
ance. 

Ou the other hand, for observations on 
10 kc/s., he had found that during magnetic 
dislurbance the usual regular curve is followed 
for most of the time, but that sometimes the 
intensity of atmospherics increases suddenly 
and remains on a high level for 20 to 30 min- 
ules (7); those peculiarities seem to be produced 
when the time rate of change of the vertical 
component of the magnetic field is a maximum 
(Пих component was arbitrarely taken as ап 
index of the magnetic activity, as a matter of 
convenience, in the case examined). 


Le Dr. Lugeon a observé les mémes phéno- 
menes sans se les expliquer. 


Le Commandant Bureau fait remarquer qu'il 
est étrange de constater, d'après les observations 
du Dr. Austin, que les atmosphériques dimi- 
nuent, et que је champ des ondes augmente 
quand laetivité solaire croît. Il semblerait que 
les atmosphériques devraient augmenter quand 
la propagation devient meilleure. Sinon, cela 
prouverait que l'activité solaire agit поп seule- 
ment sur la propagation, mais sur les sources 


cd; Annexe III, p. 52. 


2) UL. H. S. I. General Assembly held at Brussel, in 1928, 
fasc, I, p. 129, fig. 9. 


d'atmosphériques et que celles-ci perdent de Ia 
puissance quand l'activité solaire croit. 


Prof Appleton referring to M. Austin’s own 
work remarks on the necessity for runs of data 
of long duration with a view to finding correla- 
tions. He thinks that purely local observations 
like those on the height of the Kennelly-Hea- 
viside laver may more easily reveal the instan- 
taneous correlations with the magnetic pertur- 
bations observed a the place of observation. 


Dr. Rayner thinks it might be interesting to 
make atmospheric observations on very low fre- 
quencies, corresponding to waves of 200 km. for 
inslance. 


Dr. van der Pol incidentally asks what are the 
shortest waves capable of beeing used for long 
distance communications. 


Prof Appleton mentions 17 metres during 
the night and occassionally 8 to 9 metres during 
the day. 


The Chairman says that the Radio Corporation 
has been able during short spaces of time to 
obtain communications on 8 metres between 
United States and South America. 


Prof' Appleton mentions a very important 
subject for study : Why are the short waves so 
advantageous? Пе recalls the curve given by 
Taylor and Hulburt for the ranges of a wave as a 
function of its frequency for a given antenna 
power. Thiscurve shows a minimum round the 
frequency of 1500 kc/s. (200 metres) and it 
has been thought that this minimum was due 
to the terrestrial magnetic field which might 
produce a resonance, but he does not think 
that this is the true cause of the phenomena. If 
however, this is not the cause, then what is the 
cause? 


Le Prof" Wagner rappelle que Meissner a fait 
des expériences soignées pour chercher à mettre 


en évidence ce minimum ct qu'il n'a rien trouvé. 


Dr. van der Pol says that the data аге not 
usually given with sufficient precision, in par- 
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ticular the power quoted is always antenna 
power and there are no data concerning the 
effective radiated powers. 


The Chairman calls attention to the experi- 
ments of Anderson of the Bell Telephone Com- 
pany. These experiments on short and long 
waves over the Atlantic have shown that the 
measured fields were included between those 
calculated from the Austin formula and from 
the inverse distance law. 


Le Prof’ Wagner signale que les mesures faites 
en Allemagne sur les stations de radiodiffusion 
à des distances allant. jusqu'à 1.000 km. ont 
donné de jour des valeurs du champ correspon- 
dant à la loi exponentielle pour la distance, mais 
avec un coefficient exponentiel supérieur à celui 
d'Nustin.. Les champs de nuit ont toujours clé 
trouvés inférieurs à ceux que donnait la loi de 
l'inverse de la distance. 


Dr. Rayner asks from what direction the waves 
reach the receiving apparatus. How would 
they be seen it they were visible? Like а spot 
in the sky or in diffuse way? In other words 
might one legitimately speak of rays? 


Dr. van der Pol says that according Eckers- 
ley the waves are propagated by successive 
reflexions between the carth and the Kennelly- 
Heaviside layer. Eckersley sent across the At- 
lantic a very short signal. Several signals (two 
to six) were obtained at the receiving stations 
and from the intervals of time between the 
signals it has been deduced that several rays 
were propagaled by several reflexions above 
and below. Does not this phenomenon appear 
inadmissible owing to absorption during the 
reflexions at the earth? 


Prof Pedersen agrees with Dr. van der Pol. 


Le Général Ferrié indique qu'on a fait des 
constatations du méme genre sur les signaux 
horaires transmis entre Paris et Saigon. 


Dr. van der Pol wonders if the question at 
issue is not a purely verbal one. The first point 
is wether it is permissble to speak of rays; Pro- 
fesseur Manneback of the University of Louvain 
has studied the question and has come to the con- 
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clusion that one may speak of rays only if the 
gradient of the dielectric properties as a function 
of is very steep when passing from one medium 
into another. Therefore he concludes that the 
best thing to do is to sit down at our study tables 
to consider the conditions at the boundary. 


Le Dr. Lugeon pense qu'on doit étudier la pro- 
pagation des ondes courtes en tenant compte de 
la surface limite de l'ombre et de la lumiére 
au-dessus de la terre. Il а examiné de cette 
manière des séries d'observations transatlanti- 
ques sur 14 et 23 mètres, publiées récemment, 
el constaté qu'il y a communication ou non 
suivant que les rayons rasants du soleil se trou- 
vent, sur le chemin de londe, au-dessus ou 
au-dessous d’une certaine altitude. 


The Chairman brings into the discussion the 
subject of echoes of long delay. 


Dr. van der Pol recalls the conditions in 
which they were observed and the explanation 
he gave in « Nature ». This explanation is based 
on the consideration of the velocity of signals 
groups. lt has been argued againts his explana- 
Lion that if the waves stayed so long in an ionised 
medium they would be completely absorbed, but 
this objection is not serious becausethe height of 
reflexion is not known; the absorption might be 
very small. The earlier experiments of Quack 
on waves travelling several times around the 
earth and those made more recently in Japan 
show that the waves might stay a long time in 
the atmosphere and still retain a notable ampli- 
tude. It must be remembered that the echoes 
he has observed are very rare and that they 
ргођађју want very special conditions in the 
atmosphere. 

The explanation of Stórmer is also not free of 
objections, even the existence of his electron 
streams is uncertain, for he did not take in 
account the repulsives forces which would spread 
them out, for they produce more intense effects 
than the terrestrial magnetic field. 


Dr. Rayner thinks that owing to the fact 
that echoes are very rare phenomena it ought 
lo be seen if the dates when they were observed 
do not correspond to very particular conditions. 
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SÉANCE DU SAMEDI 6 JUIN. — 


La séance est ouverte à 10 heures sous Ја pré- 
sidence de M. le Dr. L. W. Austin. | 


Dr. van der Pol gives an account of the 
very interesting experiments recently carried 
out by Dr. Mogel. He sent out from a vertical 
antenna very short pulses of the order of the 
thousandth of a second and he received them 
on a neighbouring antenna, at first vertical then 
horizontal. 

In the first case a first signal А (see fig. 1) 
was registered and a second one B of the same 
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FIG. 1. 


value, 1/7 second later, the time required by the 
wave to go round the earth. Besides, a short 
signal C was registered at a distance from A 
equal to about one tenth of AB. 

With reception on the horizontal antenna, 
two signals A’ and B' (see fig. 2) correspond- 
ing to А and B were still received, but instead 
of signal C a long trace beginning somewhat 
earlier than C. The oscillograph used had a 
natural frequency of about 10 000 c.s. These 
results seem to bring into in evidence the 
influence of group-velocity. Besides, as shown 
by Dr. Joos, a sprading out of the signal is to 
be expected in these conditions, a phenomenon 
due to the dispersive properties of the medium; 
the record of figure 2 would agree with these 
considerations. 

Dr. van der Pol cites in connection with this 
subject the results he has obtained with delayed 
echoes. These echoes aurally observed were 
spread out and dissimilar to the emitted signals. 


Le Prof Wagner estime que l'explication de 
M. van der Pol est correcte et rapproche ces 


MEETING OF SATURDAY, JUNE 67, 


phénoménes de ceux observés dans la télépho- 
nie avec fil à grande distance. Il serait désirable 
de recevoir de tels échos sur plusieurs récepteurs 
sélectifs accordés sur des fréquences différentes 
pour apprécier la dispersion; des observations 
de ce genre pourraient confirmer l'origine du 
phénoméne. 

Il signale d'autres expériences d'échos faites 
en Allemagne, au cours desquelles, en admettant 
pour vitesse des ondes la valeur c dans un milieu 
non-ionisé, on trouvait avec une onde courte 
une couche réfléchissante située à 2.000 kilo- 
métres de hauteur environ. Avec une onde plus 
longue, cette hauteur élait de l'ordre d'une cen- 
taine de kilométres. Dans le premier cas on a 
souvent observé plusieurs échos qui correspon- 
daient à des chemins parcourus multiples exacts 
de celui assigné au premier. | 

Il pense que la hauteur où se produit la 
réflexion dépend de la longueur de l'onde. 


Dr. van der Pol wishes to emphasise the 
smallness of the loss of power often found in 
short wave propagation. In the experiments 
made by Mogel, the signal produced by a wave 
which had been five times round the earth was 
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FIG. 2. 


still represented on the oscillogram by a devia- 
tion equal to one tenth of the first deviation, the 
detector used following a square law. 


The Chairman asks if these long journeys are 
believed to be due to multiple reflexions. 


Le Prof Wagner estime que cela donnerait 
lieu à des pertes d'énergie inadmissibles et il 
rappelle la théorie de Lassen selon laquelle il 
existerait une distance zénithale des rayons pour 
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laquelle ceux-ci pourraient se propager à une 
hauteur constante et par conséquent se propager 
à de trés grandes distances sans prendre contact 
avec le sol. 


Prof Appleton asks how then these rays can 
come back to earth. 


Le Prof Wagner pense qu'ils peuvent céder 
en chemin une partie de leur énergie par unc 
sorte de diffusion. Il signale que des expériences 
faites en aéroplane montrent que l'énergie reçue 
croit beaucoup avec la hauteur au-dessus du sol. 


Le Prof Mesny fait remarquer que dans ces 
conditions on conçoit mal que les signaux reçus 
à grande distance aient une énergie d'un ordre 
de grandeur comparable à celui des signaux à 
courte distance. On pourrait encore penser que 
les différents rayons dont la distance zénithale 
est voisine de celle mentionnée par M. Wagner 
atteignent le sol à des distances de plus en plus 
grandes de facon à ramener d'une maniére à peu 
prés continue aux différents points de 'la terre, 
l'énergie émise. 


Le Prof Wagner fait remarquer quc les 
signaux ne sc propagent aussi facilement autour 
de la terre que quand tout le chemin qu'ils peu- 
vent parcourir sur un arc de grand cercle est 
éclairé par le soleil. 


Dr. van der Pol draws attention to the acoustic 
analogy with a « whispering gallery » in which 
a weak sound sent in a direction tangential to 
its wall goes easily round. 


Dr. Rayner asks if these phenomena are ob- 
lained only when the receiving set is in the 
neighbourhood of the emitting station. What 
would happen if the stations were distant from 
each other? 


Le Prof" Wagner répond que les signaux fai- 
sant le tour de la terre ont aussi été observés 
dans des expériences faites entre Buenos-Ayres 
et Nauen. 


Le Dr. Lugeon pense qu'il serait intéressant 
de chercher à obtenir des échos sur la surface 
de séparation de la lumiére du soleil et de l'om- 


bre de la terre, région dans laquelle l'atmosphére 
ionisée présente une variation importante. 


Dr. van der Pol alluding to the experiments 
mentioned above and carried out by M. Mogel 
remarks that similar methods could be used 
to determine the composition of the ionized 
lavers. To study ап amplifving apparatus 
without examining the internal elements, sinus- 
oidal electromotive forces of various frequencies 
can be applied to the input and what comes 
oul of the apparatus measured, knowing the 
intensity at the output and the phase of every 
signal as a function of the corresponding signals 
at the entrance, it would be theorically possible 
lo determine all that the amplifving apparatus 
contains. The introduction of various sinusoidal 
forces at the entrance could be replaced by a 
single short impulse at the input and a oscillo- 
graphe at the output. The Hcaviside operation- 
al calculus would allow one to determine all the 
coefficients of the equations defining apparatus. 

The problem of the ionized layer is of the 
same character and its constitution could be 
theoritically deduced from observations of com- 
plex signals resulting from an emitted impulse. 


Le Prof’ Wagner ne croit pas bien comprendre 
M. van der Pol. Assurément on pourrait trouver 
un systéme susceptible de fournir les résultats 
obtenus, mais ce systéme ne serait pas unique 
il v aurait un nombre infini de systèmes diffé- 
rents qui seraient équivalents du point de vuc 
considéré, 


Dr. van der Pol answers that each of.the two 
methods : a) sinuosoidal forces and b) reponse 
to short impulse, could be used to predict the 
response of the amplifying set for any electro- 
motive force applied to the entrance. 


Prof" Appleton asks for a list of members able 
to cooperate in the measurements of the height 
and ionisation of the upper atmosphere. 


Les personnes qui pourront entrer en liaison 
à ce sujet sont : MM. APPLETON, DELLINGER, 
Harrorr (Radio-Committee, Academy House. 
Tokyo), Lesay, Luceon et WAGNER. 
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ANNEXES. 


I. Comité National Français. — Étude de la 
Propagation. 


II. Contribution à l'Étude des lois de la Pro- 
pagation des ondes hertziennes dans la 


ANNEXE I. 


ganune de 150 à 1 500 kc/s. — R. Brait- 
LARD. 


ПІ. Solar and Radio Relationships. — L. W. 
AUSTIN. 


Comité national francais. 


ÉTUDE DE LA PROPAGATION. 


Le Comité National Français croit devoir atti- 
rer l'attention de l'Union Radio Scientifique 
Internationale sur l'intérét qu'il y aurait à orga- 
niser d'une façon systématique des sondages 
réguliers de la haute atmosphére, c'est-à-dire 
des déterminations des couches réfléchissantes 
correspondant à une fréquence donnée. 

De semblables études ont déjà été entreprises 
en Angleterre où on emploie la méthode indi- 
quée par le Professeur Appleton, aux États-Unis 
(Bureau of Standards) et en France (Laboratoire 
National de Radioélectricité). Dans ces deux der- 
niers pays, la méthode employée cst celle dite de 
l'écho. Dans une note présentée à la réunion de 
la Commission IV de FU. R. S. I. à Stockholm 
en 1930, le Comité National Français a attiré 
l'attention sur les avantages dus surtoul à la 
simplicité que présente cette derniére méthode. 

Il est évident d'autre part que le sondage de la 
haute atmosphére quel que soit le mode opéra- 
toire employé, ne peut conduire à des consé- 
quences intéressantes que si on lui applique les 
règles qui président à l'organisation de toutes 
les recherches relatives à la Météorologic. 

Il est nécessaire que toutes les mesures effec- 
tuées en divers points du globe soient centrali- 
sées et exécutées dans des conditions qui permet- 
lent de comparer les résultats obtenus. 

Le Comité National Francais propose donc la 
nomination d'une Sous-Commission composée 
de radio-électriciens, de physiciens et d'astro- 
nomes, laquelle aurait mission : 


1° d'inviter les Comités Nationaux qui dispo- 
sent des moyens d'action nécessaire à 
organiser dans leur pays de semblables 
sondages, 

2° de donner son avis sur le mode opératoire 
qui lui semblerait préférable, 

3° d'indiquer les longueurs d'onde approxi- 
matives sur lesquelles devraient étre 
effectuées ces expériences, 

4° de fixer les heures ou les moments de la 
journée où devraient être effectuées les 
mesures, 

5° d'organiser la centralisation des résultats 
obtenus. 


I| est absolument impossible de fixer d'une 
[acon exacte les longueurs d'onde avec lesquelles 
devraient étre effectuées ces mesures, elles doi- 
vent être déterminées par des conditions parti- 
culi¢res (nature du poste dont le comité organi- 
sateur peut disposer, etc...) 

П conviendrait simplement de fixer la ou les 
bandes de fréquence dans lesquelles il рагай 
intéressant d'effectuer ces mesures par exemple : 
bande de 80 à 60 m., bande de 40 à 30 m., ete... 

Le Comité National Francais croit devoir indi- 
quer que pour l'emploi de la méthode de l'écho, 
la bande de 80 à 60 m. lui semble la plus inté- 
ressante. D'après les recherches effectuées au 
Bureau of Standards, c'est celle pour laquelle les 
échos semblent le plus facilement observables. 
D'autre part, avec des ondes plus courtes, il est 
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à redouter que le poste récepteur ne puisse per- 
cevoir l'onde directe, ce qui rendrait l'emploi de 
la méthode de l'écho illusoire. 

Le Comité National Francais et le Comité Amé- 
ricain ont organisé sous le nom d'Ursigrammes 
des messages radiotélégraphiques quotidiens 


ANNEXE II. 
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donnant des renseignements sur divers points de 
la physique du globe. (Météorologie, Magné- 
tisme, État du soleil). 

Si des sondages journaliers de la couche 
d'Heaviside étaient effectués, cette donnée pour- 
rait être ajoutée aux ursigrammes. 


Pd 


CONTRIBUTION A L'ÉTUDE DES LOIS DE PROPAGATION DES ONDES HERTZIENNES 
DANS LA GAMME 150 A 1500 ke/s (2 000 A 200 m). 


Lors de sa réunion au Sommering, en février 
dernier, le Conseil de l'Union Internationale de 
Radiodiffusion, sur la proposition de sa Com- 
mission Technique, décida de mettre à la dis- 
position de cette derniére les ressources de ses 
membres, en personnel technique et en matériel, 
en vue d'entreprendre sur une large échelle, 
des mesures systématiques de la valeur du rayon 
indirect des stations de radiodiffusion. 


Les buts de cette expérience étaient les sui- 
vants : 


а) Apporter une contribution utile à l'étude 
des phénoménes de propagation des ondes 
hertziennes, 


b) Tenter de déterminer le rayon d'action nui- 
sible des stations de radiodiffusion, c'est-à-dire 
la limite à partir de laquelle le rayon indirect, ou 
onde d'espace, cesse de provoquer des interfé- 
rences nuisibles dans le rayon d'action utile des 
stations travaillant sur des fréquences voisines, 
lequel est limité en fait au rayon d'action de 
l'onde de surface, 


c) Déterminer si possible l'effet de la longueur 
d'onde d'émission, de la situation orographique 
et géographique de la station, de la direction 
du rayonnement par rapport au méridien, de la 
forme de l'antenne d'émission, etc... 


d) éventuellement, tirer des résultats prati- 
ques de l'expérience, et étudier les modifications 
à apporter dans la répartition actuelle des lon- 
gueurs d'onde entre les stations de radiodiffu- 
sion, en vue d'atténuer les interférences spécia- 
lement ressenties pendant la période d'hiver, 
par suite de l'encombrement considérable de la 
bande de fréquence allouée à la radiodiffusion. 


L'essai ayant été poursuivi avec succès, mes 
collégues et moi avons estimé qu'il était oppor- 
tun де profiter des réunions de Copenhague pour 
en porter les premiers résultats globaux à la 
connaissance des experts réunis ici. 

J'insisterai toutefois sur le fait qu'il ne s'agit 
que d'une premiére analyse de lensemble des 
mesures effectuées, le temps ayant manqué pour 
poursuivre l'examen de la question sous tous ses 
aspects accessibles. 


Programme des essais. 


1. Les mesures ont été effectuées chaque soir 
(dimanche excepté) du 3 mars au 7 avril, entre 
18 heures et 24 heures, T. M. G. sans inter- 
ruption. 

2. Pendant chaque séance, on observa deux 
stations" seulement, en alternant d'heure. en 
heure, ce qui correspondait à 3 heures d'obser- 
valion pour chaque stalion, réparties sur une 
durée globale de 5 heures. 

3. On observa 32 stations de radiodiffusion, 
reconnues pour leur stabilité, réparties en des 
points trés divers de l'Europe, ct couvrant pra- 
tiquement toute la gamme à observer (sauf entre 
1.000 et 545 kilo-cycles). 

4. Les mesures furent effectuées dans 11 cen- 
tres différents, situés à Helsinki, Stockholm. 
Oslo, Kobenhavn, Tatsfield (prés de London), 
Eindhoven, Berlin, Praha, Wien, Buda-Pest, 
Torino. 

Chacun de ces centres est pourvu d'un appareil 
moderne pour la mesure du champ, et la plupart 
d'entr'eux étaient équipés de facon à procéder à 
un enregistrement continu des variations de 
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champ, avec une vitesse de déroulement де Ја 
bande de un centimètre par minute. 


9. Toutes les caractéristiques d'émission des 
stalions émettrices (puissance, forme de l'an- 
lenne, etc...) et toutes les mesures, (y compris 
les diagrammes d'enregistrement) furent centra- 
lisés au Laboratoire de Contrôle de lU. I. R. à 
Bruxelles, où l'on procéda à leur dépouillement. 

Celte opération n'est pas complétement ter- 
minée, (il a été rassemblé près de 1.500 mètres de 
bandes enregistrées), mais le classement des pre- 
miers résultats obtenus semble déjà trés instruc- 
tif. 

Је me permettrai de les exposer зопипајге- 
ment, en espérant qu'ils constitueront des maté- 
riaux utiles aux physiciens qui étudient le méca- 
nisme de la couche de Kennelly-Heaviside et aux 
ingénieurs des radiocommunications qui doi- 
vent tenir compte de ses effets. 


Méthode de classement. 


Les stations émettrices étant, en général, de 
puissances différentes, j'ai ramené pour chacune 
d'elles la valeur du champ mesuré à une puis- 
sance de 1 kilowatt radié. 


Il y a quelque incertitude dans la détermina- 
tion exacte de la puissance réellement radiée par 
chaque station, mais les erreurs qui peuvent en 
résulter n'affectent que trés peu la valeur réelle 
du champ mesuré et n'influencent pas l'allure 
générale des phénoménes observés. 

Pour chaque station, j'ai noté, pour chaque 
centre d'observation, la valeur maximum du 
champ enregistré, ce qui a permis de tracer une 
courbe des maxima maximorum du champ en 
fonction de la distance, pour une station donnée. 


Quelques-unes de ces courbes sont reproduites 
en annexe (^). П y figure également : 


а) Une courbe d'atténuation théorique, en 
fonction de l'inverse de la distance, en suppo- 
sant qu'il n'y a pas d'atténuation. L'effet de 
courbure de la terre a été négligé, pour les dis- 
lances considérées; 


b) Une courbe d'atténuation théorique, cor- 
respondant, pour la fréquence envisagée, à une 
conductibilité du sol égale à 107 *CGS, valeur 
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moyenne. Cette courbe, établie d'aprés les théo- 
ries d'Austin, Cohen, Sommerfeld, Watson, van 
der Pol, etc... correspond sensiblement à la 
réalité, suivant les mesures effectuées par 
P. P. ЕсКегзјеу et de nombreux autres expéri- 
mentateurs. Cette courbe indique la valeur du 
rayon direct ou onde de surface. 


D'une manière générale, on peut remarquer 
que les mesures effectuées dans les divers centres 
sont très cohérentes et méme fréquemment tres 
concordantes. 


Pour chaque mesure, j'ai fait figurer égale- 
ment la direction de propagation vers le centre 
d'observation par rapport au méridien. 


L'examen de l'ensemble des résultats a' per- 
mis de déduire certaines courbes moyennes, 
lesquelles, avec une approximation suffisante, 
permettent de préciser, en valeur absolue, des 
phénoménes assez mal définis, à ma connais- 
sance, jusqu'à ce jour. 

Les graphiques ci-joints s'expliquent par eux- 
mémes. J'en entreprendrai toutefois une analyse 
succinte. 


Effet de la fréquence. 


Le ravon indirect prend une importance de 
plus en plus grande au fur et à mesure que la 
fréquence augmente, ce qui est bien connu. 

А la fréquence de 160 kc/s., sa valeur maxi- 
mum, suit trés exactement la courbe d'atténua- 
tion correspondant, pour l'onde de surface, à 
une conductibilité du sol égale à 107" CGS. 

. Mais pour des fréquences trés légérement 
supérieures, l'effet du rayon réfléchi commence 
à se faire sentir, pour atteindre son maximum 
aux fréquences les plus élevées. 

Cette valeur maximum atteint et dépasse 
1 millivolt par mètre pour 1 kilowatt radié, ce 
qui représente plus de dix fois les valeurs admi- 
ses il y a deux ans, et explique la sévérité des 
interférences constatées parfois durant les lon- 
gues nuits d'hiver, même à proximité des sta- 
tions d'émission, du fait de stations relativement 
trés éloignées. 

Si l'on admet qu'en raison du « fading », le 
seul ravon d' « action agréable » des stations soit 
celui qui correspond au champ d'action de l'onde 
de surface, la supériorité des ondes longues, en 
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matière de radiodiffusion, apparaît immédiate- 
ment. | 


Effet de la distance. 

D'une manière générale, on constate que le 
maximum du rayon indirect se manifeste à des 
distances de l'ordre de 600 kilomètres. 

La zone de « quasi-silence », située à courte 
distance des émetteurs, se manifeste à partir des 
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fréquences de l'ordre de 600 kc/s. et s'aggrave 
de plus en plus quand la fréquence augmente. 

A. 1.200 km., les fréquences de 400 à 
1.500 kc/s. donnent des valeurs maxima du 
rayon indirect sensiblement équivalentes. 

Vers 2.000 km., le maximum est observé par 
les fréquences de l'ordre de 600 kc/s. 


Remarque. 


Ainsi que PU. I. R. l'a déjà signalé dans sa 
réponse à la question 11 du C. C. I. R., la valeur 
maximum du rayon indirect, à des distances 
comprises entre 300 et 1.600 km., est parfois 
très notablement supérieure à la valeur du rayon 
direct calculé en supposant qu'il n'y a pas d'at- 
ténuation. 


Ceci confirme l'hypothèse qu'en un point 
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donné, les rayons peuvent aboutir simultané- 
ment, en composant leurs effets, par plusieurs 
voies différentes correspondant à plusieurs 


aspects de la couche réfléchissante. 

Les valeurs mesurées atteignent 5 fois les 
valeurs calculées d'après la loi de la distance 
inverse sans atténuation, et en fait un chiffre 
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supérieur si l'on tient compte de tous les élé- 
ments du probléme. 


Ampleur du fading. 


Sur quelques courbes individuelles des sta- 
tions nous avons fait figurer des minima mini- 
morum des valeurs de champ observées. 


Ceci n'a pu étre fait (question d'échelle) que 
pour les ondes les plus longues. 


Ayant analvsé par ailleurs les écarts maxima 
entre les valeurs du champ mesuré pendant des 
périodes d'une heure, il a été constaté de grandes 
différences suivant les fréquences d'émission, 
ce qui est bien connu d'une facon générale. 

Toutefois, il a été constaté que l'ampleur du 
fading croissait trés rapidement à partir de 
150 kc/s. suivant la loi ci-après : 


Rapports des Ecarts 
Fréquence. champs extrémes. en décibels. 
160 kc/s. 4 12 
180 10 20 · 
200 20 20 
300 80 38 
600 ` 300 50 
1.000 360 52 
1.250 200 (>) 46 (2) 


Les valeurs indiquées peuvent étre considé- 
rées comme des minima. 


Les observations manquent pour les fréquen- 
ces les plus élevées, et il n'est pas possible d'en 
déduire l'allure extrapolée du phénoméne. 

Par ailleurs, on constate, en règle générale, 
que l'ampleur maximum du fading se manifeste 
aux distances correspondant à l'apparition des 
valeurs maxima du гауоп indirect. 


Cadence du fading. 

L'analyse systématique de ce phénoméne n'a 
pas été effectué. 

Toutefois, la cadence du fading s'accélère 
beaucoup quand la fréquence augmente, et l'on 


a observé, pendant de longues périodes (30 à 
40 minutes) un fading régulier et prononcé à 
la cadence de 8 à 10 secondes, pour des fré- 
quences de l'ordre de 1.200 kc/s. 


Effet de la direction. 


Contrairement à notre attente, il n'a pas été 
observé, lorsque la nuit est complète sur tout le 
parcours du rayon, d'effet de direction par rap- 
port au méridien. 


Effet de l'antenne. 


Cet effet se manifeste, d'une part, en fonction 
de l'effet directif de l'antenne dans le plan hori- 
zontal, d'autre part, en fonction du diagramme 
de rayonnement dans Ie plan vertical (caracté- 
ristiques électriques). 

L’analyse complète n'a pas été effectuée, mais 
l'effet de certains types d'antenne bien connus 
pour favoriser l'action distance a été observé. 


| Conclusion. 


En résumé l'expérience entreprise par lU. I. 
R. a donné d'emblée des résultats riches en 
enseignements, permeltant d'effectuer un pre- 
mier classement. quantitatif des phénomènes 
assez mal définis jusqu'ici, et d'en tirer des con- 
clusions pratiques. 


Loin de moi l'idée de vouloir en dégager des 
lois scientifiques rigides : dans un tel domaine, 
il convient d’être prudent et de répéter sans 
relâche, dans des circonstances de temps et де 
lieu les plus variées, les mêmes expériences. 


L'U. I. R. n'y faillira pas et de nouveaux essais 
seront entrepris prochainement, sur la base 
d'une collaboration internationale agréable ct 
féconde. 

R. BRAILLARD. 
Président de' la Commission Technique et 
Directeur du Laboratoire de Contróle de 
l'Union Internationale de Radiodiffusion 


(U. I. R.) 
Bruxelles, le 24 mai 1931. 


Moyenne des maxima du rayon indirect. Distance 


Amplitude maximum du FADING, mesuré au cours 


fréquence variable, puissance 1 Kw radié. 


constante, 


de séances de 1 heure, en fonction de la fréquence. 
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Moyenne des maxima du rayon indirect. Fréqence constante 


Valeur maximum du rayon indirect en fonction de la distance et de la fréquence ramenée à 1 Kw rayonné. 
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ANNEXE III. 


SOLAR AND RADIO RELATIONSHIPS. 


In the following discussion, the disturbances 
in terrestrial magnetism are considered to be 
the results of solar activity; therefore, the con- 
nection between magnetism and radio tele- 


9o 


T 5 5 3. 
D = Years = v 
Fig 4 


graphy is treated as a solar and radio relation. 

The first reference to an apparent connection 
between magnetic storms and radio signals is 
contained in an article by R. A. Fessenden ! (2) in 
which he mentions that in some experiments 
carried on in 1906 between Brant Rock, 
Massachusetts, and a point in Scotland, the 


(') References, p. 54. 


night signals appeared to become weaker after 
magnetic storms. The wave length was pro- 


bably about 1.500 m. 


The first detailed proof of magnetic and radio 
relationship is contained in an article by 
Espenschied, Anderson and Bailey ? in 1926 
where it was shown that transatlantic signals of 
about 5.000 m. wave length were weakened at 
night, while strengthened in the davtime, follo- 
wing severe magnetic storms. These experi- 
ments, while giving good evidence of the 
existence of a connection between terrestrial 
magnetism and radio signal strenght were some- 
what unsatisfactory because the radio signal 
observations were taken only over week-ends 
and hence did not permit a complete studv of 
the phenomenon. 

Since 1926 considerable interest has been 
aroused in these relationships, but (ће problem 
has proved more intricate than was at first 
thought, on account of the differences of behav- 
iour of waves of different lengths. 

The effect of wave length may be roughly 
summarized as follows : In general the effect 
of magnetic storms becomes greater as wave 
lenght is decreased, ^, °, '", ", thought below 
10 m. very little is known. Between 10 and 
60 m. wave length, even slight magnetic storms 
are found to be generally accompanied bv 
weakening of radio signals both by day and 
night. The signal depression usually reaches 
its lowest. point on the day of the greatest 
magnetic disturbance and several days аге 
required before the signals return to normal "*. 
According to Maris and Hulburt °,- when a 
magnetic storm starts, only those short-wave 
radio palhs are affected which lie ont the dav- 
light side of the earth, those on the dark side 
remaining quiescent until dawn; their theory 
being that both magnetic storms and radio 
signal disturbances are produced by flashes of 
ultra violet light from the sun. The experience 
of the U. 8. Navy seems to support the radio 
portion of this hypothesis to a considerable 
extent. Short wave radio circuits running east 
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and west are generally more affected by mag- 
netic storms than those running north and 
south and the effect is greater the nearer the 
signal paths lie to the magnetic poles. T. L. 
Eckersley ^ states that the number ef periods 
in the year from October, 1927 to October, 1928 
in which magnetic storms rendered short-wave 
communication impossible bctween England 
and Montreal were 49; between England and 
points to the southward, in Australia, South- 
Africa, India and South-America, these periods 
varied from 4 to 7. 

Between wave lengths of 200 and 500 m., 
Pickard У, *, * has shown that a common effect of 
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1924 


magnetic storms is a weakening of night signals. 
Thus far, there is no ‘published information 
regarding magnetic effects on daylight signals 
in this wave length range. 

In connection with the transatlantic tele- 
phone, the American Telephone and Telegraph 


Company has shown that at a wave length in 


the neighborhood of 5.000 m., magnetic dis- 
turbances produce a daylight strengthening of 
the signals often amounting to from 30 % to 
75 96, and a decided night depression, with a 
gradual return to normal conditions extending 
over several days *, °, ". The magnetic effect 
on the signals sometimes appears at the time 
of the storm but more often there is a delay of 
from one to three days. 

For wave lenghts above ten thousand metres, 


the magnetic and radio relationship is much 


1927 1928 


али ————— и, 


less noticeable '', ". By statistical methods 


it may be shown that the daylight signals are 


slightly increased in strength by magnetic 
storms. Miss Wymore’s '' work indicates that 


the maximum rise of very long wave European 
daylight signals received in Washington comes 
as a rule from one to three days after the height 
of the storm. Too few observations on Euro- 
pean stations have been made at the Bureau of 
Standards during the hours of all-darkness 
signal path to give any information regarding 
these relationships. The signals, having a path 
partly in daylight, received from Europe at 
about 8 p.m. E. S. T., appear to vary in general 
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1929 1830 


with the all-daylight signals of the morning 
reception. Some observations of the American 
Telephone and Telegraph Company ’, *, how- 
ever, indicate that magnetic storms produce 
night depression of signals even at 17.000 m. 
length. 

Figures 1, 2 and 3 show the variation of 
daylight longwave signal strength between 
European stations and Washington and long 
wave atmospheric disturbances as compared 
with solar activity, when averaged over long 
periods. 

Figure 1 shows the annual averages of 
sunspots, magnetic horizontal range measured 
at Cheltenham, Maryland, and the strength of 
dayligth European signals received at the 
Bureau of Standards from 1915 to 1930. The 
portion of the signal curve before 1923 repre- 
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sents reception from the 12.600 m. station, 
Nauen, (Berlin) only, measured by the shunted 
telephone method, and is only approximately 
accurate. Since 1923 the curve represents ап 
average of several stations between 12.000 m. 
and 20.000 m. wave length with an estimated 
accuracy Of 10-15 per cent. 

Figure 2 shows a comparison of the combined 
ће transatlantic 
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stations and the magnetic horizontal range, 
when averaged by months and smoothed by 
three-month running averages. [n figure 1, il 
is noticed that magnetic activity and signals 
both rise in 1930, while the sunspot numbers 
drop. The rise in magnetic activity, however, 
continued onlv through a part of the year, as 
shown in Figure 2, while the signal curve 
continued to rise and is still higher in April, 
1931 than at any time since 1927. There seems 
(о be no obvious explanation of this sireng- 
thening of the signals but it apparently is not 
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connected with solar activity. As far as І know, 
no other daylight measurements of European 
signals above 10.000 m. wave length, which 
mighl serve as а check on the Washington 
observations, have been made in America 
during 1930. (АП efforts to explain the increase 
in signal strength by possible changes at the 
receiving station have failed). 

In Figure 3, annual averages of sunspots and 
long-wave atmospheric disturbances are сот- 
pared. Between 1918 and 1924, the atmos- 
pheric curve is only roughly correct. The 
inverse correlation with sunspots appears to 
be even more distinct than the correlation 
between sunspots and signals. An attempt to 
show a solar and atmospheric disturbance corre- 
lation for shorter periods than a усаг has never 
been satisfactory, probably on account of the 
close connection between atmospherics and 
weather, which obscures the solar effect. 


L. W. AUSTIN. 


Chairman Commission Il. 
April 29, 1931. 
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COMMISSION III. — PERTURBATIONS ATMOSPHÉRIQUES. 


COMMISSION III. — ATMOSPHERICS. 


INTRODUCTION. 


La Commission des Atmosphériques est com-. The Commission on Almospherics is com- 
posée des membres suivants : = posed of the following members : 


Président : M. le Prof* E. V. APPLETON, Wheastone Laboratory, King's 
College. 


Belgique : M. JAUMOTTE, Directeur de l'Institut Royal Météorologique: 
M. VAN HEMSTEE, Professeur à l'Université du Travail 
de Charleroi et M. le Général B. E. M. WIBIER. 


États-Unis : M. H. T. FRIIS, Bell Telephone Laboratories. 


France : M. le Commandant R. BUREAU, de l'Office National Météo 
rologique; M. le Général G. FERRIE, Commandant Supé- 
rieur des Troupes et Services de Transmissions et M. le 
Proff ROTHE, Directeur de l'Institut de Physique du 
Globe. 


Grande-Bretagne : M. le Prof’ E. V. APPLETON: M. le Proft W. H. ECCLES, 
F. R. $.; M. le Colonel А. G. LEE, General Post Office et 
M. le D' R. A. WATSON-WATT, Superintendant of the 
Radio Research Station. 

Italie : M. le Prof' B. PAOLONI, Directeur de l'Observatoire Météoro- 
logique de Monte-Cassino et M. le Colonel L. SACCO, 
Directeur Principal de l'Office Radiotélégraphique et Elec- 
trotechnique du Génie Militaire. 

Japon : M. le D' S. FUJIWHARA, Central Meteorological Observatory; 
M. le Capitaine M. HATTORI, Naval Technical Depart- 
ment, Ministry of Navy; M. T. NAKAGAMI, Bureau of 
Telephone and Telegraph Engineering, Ministry of Com- 
munications; M. SAEKI, Japanese Wireless Telegraph 
Company; M. le Lieutenant-Colonel T. YASUDA, Military 
Signal School et M. E. YOKOYAMA, Electrotechnical 
Laboratory. - 

Norvége : M. le Prof? V. BJERKNES, Professeur à l'Institut de Géophy- 
sique de Bergen; M. le Sous-Directeur O. DEVIK, Institut 
de Géophysique de Tromsoé et M. le Capitaine du Génie 
S. SKOLEM, de l'Administration des Télégraphes. 

Nouvelle-Zélande : M. le D' M. F. A. BARNETT, Departement of Scientific and 

e Industrial Research. , 

Pays-Bas : Jr. P. J. H. A. NORDLOHNE, Secrétaire de la Nederlandsch 
Radio Genootschap et M. le Prof? V. L. VAN DER BILT, 
Laboratorium voor Natuurkunde en Electrotechniek. 


Portugal : M. le Commandant N. RIBEIRO, Chef des Services Radio- 
télégraphiques де la Marine Militaire. 
Suisse : M. le Dt J. LUGEON. 
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COMPTE RENDU DES SEANCES. — ACCOUNT OF THE MEETINGS 


1. — La Commission s'est réunie le lundi 
1" juin à 16 heures et le vendredi 5 juin à 
10 heures, sous la présidence de M. le Prof 
Appleton, Président de la Commission III. Ces 
séances faisaient suite à deux séances officieuses 
préparatoires : le vendredi 29 mai à 9 h. 30 et 
le lundi 1° juin à 9 h. 30. 


2. — The Chairman nominated M. le Com- 
mandant Burcau as Vice-Président and M. Dr. 
К. A. Watson-Watt as Rapporteur. He also 
nominaled M. le Commandant Bureau as repre- 
sentative of Commission III on the Polar Year 
Sub-Conimission. 


Ces désignations furent confirmées par la 
Commission. 


3. — Dr. R. А. Watson-Watt submitted the 


report of the Sub-Commission appointed at 
Brussels to design and distribute apparatus for 
atmospherics research ('). 


La Sous-Commission fut accréditée à nouveau; 
il lui fut adjoint un nouveau membre, M. le 
Dr. L. W. Austin. 


4. — The Chairman then delivered his add- 
ress on « Some Observations on International 
Research on Atmospherics (3) ». 


9. — Le Commandant Bureau présenta el 
expliqua les propositions du Comité National 
Français relatives aux travaux internationaux 
sur les Atmosphériques, en attirant spécialement 
l'attention sur l'Année Polaire; ces propositions 
ont trait aux points suivants 


I. — a) que soit établie une liste de toutes les 
stations assurant actuellement l'enregis- 
trement des atmosphériques ainsi que les 
méthodes employées; 

b) que soit établie une liste des stations 
dont l'installation n'est pas encore réa- 
lisée; 

—— —— 


(!) Annexe I, p. 59. 
(2) Annexe II, p. 60. 


П. — que soient fixées des fréquences (lon- 
gueurs d'onde) universelles pour l'enre- 
gistreinent. des atmosphériques; 

HI. — que soit organisé l'échange rapide sous 
forme graphique du résultat des enregis- 
trements entre les stations participantes; 


IV. — que soient prévues pour l'Année Polaire, 
en plus des enregistrements permanents, 
des observations spéciales et exception- 
nelles, et en particulier que soient choisis 
des « Jours radios internationaux » en 
liaison avec les « Jours internationaux » 
de l'Année Polairc. 


PREMIÈRE PROPOSITION. — M. le Commandant 
Bureau fut chargé de préparer la liste prévue par 
la premiére proposition; une Sous-Commission, 
composée de MM. le Commandant Bureau et le 
Dr. Watson-Watt, fut chargée d'étudier la défi- 
nition (spécification) électrique de chaque 
méthode, en vue d'aboutir à une définition appli- 
cable dans la pratique et destinée à faciliter la 
comparaison des résullats. Celte Sous-Commis- 
sion a présenté un rapport provisoire à la seconde 
séance de la Commission ('). A la demande for- 
mulée dans le rapport, la Sous-Commission fut 
reconstituée avec des membres plus nombreux 
et d'une compétence plus étendue; les membres 
désignés étant : MM. Appleton (ex officio), 
Bureau, Lejay, Lugeon et Watson-Watt; ses 
attributions sont indiquées dans le rapport pré- 
cité. 

SECONDE PROPOSITION. — Les fréquences sui- 
vantes (qui ne sont pas dans l'ordre de préfé- 
rence) furent recommandées 


12 kc/s. 90 kc/s. et 90 kc/s. 
TROISIÈME PROPOSITION. — П fut admis que 


l'échelle de temps déjà en usage dans l'échange 
des résultats graphique entre Paris et Slough, 


, 


c'est-à-dire 6 cm. par jour, serait généralisée. 


(1) Annexe III, p. 62. 
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L'organisation des résultats fut confiée à la Sous- 
Commission ci-dessus désignée avec pouvoir de 
déléguer cette fonction à l'un ou l'autre de ses 
Membres. 


QUATRIÈME PROPOSITION. — Elle fut renvoyée 
à la Sous-Commission polaire. 
6. — Dr. Watson-Watt, on behalf of the 


British National Committee, deposited for infor- 
mation a « Report on Research on Atmospherics 
carried out in Great Britain from July 1928 to 
March 1931 » (’) and « Notes on Apparatus for 
Research on Atmospherics » (C). The latter 
document was submitted not as a programme 
of work, nor as a subject of discussion per se 
but solely to provide data on the economic side 
of the work, to which reference might be made 
when any particular line of investigation was 
under discussion. 


7. — Dr. Watson-Watt also presented on 
behalf of the British National Coinmittee a note 
relating to the « Study of the Circumstances of 
Origin of Atmospherics » (3). This note asked 
for the collaboration of the Commission towards 
the more effective prosecution of investigations 
on the origin of atmospherics which the British 
National Committee is at present undertaking. 


The four requests contained in the document 
were for : 


A. Simultaneous observations in other coun- 
tries by means of photographic or visual cathode 
ray direction finders. 


B. The consideration of the desirability and 
possibility of the radiation of synchronising 
signals for timing in such experiments. 


C. Notification from other countries, with the 
least possible delay, of the occurence of light- 
ning flashes. 


D. Assistance, in arrear, in examining the 
meteorological environment of places which 


(1) Annexe IV, p 65. 
(2) Annexe V, p. 70. 
(5) Annexe VI, p. 73. 


have, bv the radiotelegraphic observations, been 
indicated as the place of origin of atmospherics 
al a particular time. This assistance would be 
required only in reply to a definite application 
for data about a specific place and time. 


~ 


DEMANDE А. — Des assurances furent don- 
nées par les Comités Nationaux Polonais, Fran- 
cais et Américain qu'ils s'efforceraient d'organi- 
ser des observations au goniometre cathodique 
en simultanéité avec les observations britan- 
niques. 


DEMANDE B. — Les Comités Nationaux Fran- 
çais et Américain s'engagérent à étudier dans le 
détail la possibilité de transmettre les signaux de 
synchronisation demandés. 


DEMANDE C. — Il fut admis que la Sous-Com- 
mission entrerait en relations avec l'Observatoire 
du Pic-du-Midi et avec les autorités suisses en 
vue d'obtenir les renseignements désirés. 


DEMANDE D. — Après une discussion détaillée, 
au cours de laquelle le R. P. Lejay fournit les 
remarques contenues dans son « Projet de dis- 
cussion sur les rapports entre les Orages et les 
Atmosphériques » (*) la résolution suivante fut 
adoptée à l'unanimité : 

« Que les mesures simultanées des change- 
ments permanents du champ électrique terres- 
tre, des caractéristiques et des effets de brouil- 
lage des atmosphériques et des phénoménes 
d'éclairs visibles, soient faits en collaboration 
étroite dans le plus grand nombre possible de 
pays ». 

La Sous-Commission fut chargée de préparer 
le projet des principales lignes d'une telle 
recherche. On décida qu'on demanderait à IAs- 
semblée Générale de sanctionner la communica- 
tion officielle du programme détaillé au Comité 
Météorologique International сі à l'Union Inter- 
nationale de Géodésie et Géophysique, en accom- 
pagnant cette communication d'un appel très 
pressant de collaboration. 


(1) Annexe VII, p. 73. 
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ANNEXES. 


1. — Report on Sub-Commission appointed 
by Commissions IH to design and dis- 
tribute apparatus for Atmospheric Re- 


search. 

П. — Some Observations on International 
Research on Atmospherics. — E. V. Ар- 
PLETON. 

ПІ. — Premier Rapport de la Sous-Comimis- 


sion sur les Méthodes d'Enregistrement 
des Atmosphériques. 


ANNEXE I. 


The 
Hesearch on 


IV. — British National Committee. — 
Present State of British 
Atmospherics. 

V. — British National Committee. — Notes on 
Apparatus for Research on. Atmospherics. 

V]. — British National Committee. Study of 
lhe Circumstances of Origin of Atmos- 
pherics. 


УП. — Projet de discussion sur les rapports 
entre les Orages et les Atmosphériques. — 


R P. ГЕЈАУ. 


REPORT ON SUB-COMMISSION APPOINTED BY COMMISSION Ш 
TO DESIGN AND DISTRIBUTE APPARATUS FOR ATMOSPHERICS RESEARCH. 


It has not been found possible for the sub- 
commission to meet since the Bruxelles meeting 
in 1928. The proceedings of the sub-com- 
mission have therefore been limited to a series of 
communications from Mr. Watson Watt, with 
replies by Mr. Snyder. 

It was agreed that the former should supply 
details of the apparatus already built, and that 
the first set built in America should be tested 
at Slough. 


Full descriptions and sketches giving a com- 


plete technical specification of the apparatus - 


constructed at Slough for the study of the 
energy flux spectrum of atmospherics were dis- 
patched to Mr. Snyder on October 17'^ 1928, and 
receipt finally acknowledged on April 8 1929. 
The destruction by lightning of the first experi- 
mental apparatus set up at Schenectady was 
reported on this date. _ 

The most recent report of the position is 


contained in a letter from Mr. Snyder dated 
november 14 1930, as follows : 


« Those static measuring equipments arc still 
quite in the air. As Т wrote you several months 
back, the work was stopped temporarily because 
of a rather acute business depression. Business 
is still rather dull and we have not been able to 
pick up as yet. I am hopefull that there will 
be a rather marked upward turn very soon at 
which time 1 hope we may finish up the work. 
lt is after all high time that these equipments 
be out in service ». 


The Chairman of the sub-commission asks 
that the commission should consider the desi- 


e rability of re-appointing the sub-commission 


with an additional member. 


R. A. WarsoN-WATT. 
Chairman of Sub-Commission. 
27-5-1931. 
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ANNEXE II. 


TEENS ——— ao 


SOME OBSERVATIONS ON INTERNATIONAL RESEARCH ON ATMOSPHERICS. 


1. — Before proceeding to consider the 
detailed proposals for future co-operative work 
on atmospherics, it seems to me desirable to 
survey briefly the present status of our know- 
ledge of this subject noting, where we can, the 
progress which can be attributed wholly or 
partly to international collaboration. И 1х, 
without doubt, correct to say that the interna- 
попа! programmes which we have set out for 
ourselves at our two previous meetings have not 
been carried out with the completeness we 
intended. But some progress has been made in 
this direction, and we ought to take note of il. 
Al the same time we must also ask ourselves the 
reason for the incomplete. fulfilment of our 
international programmes and from Our exami- 
nation learn how to plan better for the future. 
My own view is that perhaps our programmes 
have been too ambitious. If we can agree that 
this is so, the way to more successful future 
experiments is clcarly indicated. 


2. — As we were originally led to study the 
subject of atmospherics because of their inter- 
ferent effects on radiotelegraphic receivers, it is 
well to recognize at the oulset the recent changed 
orientation іп atmospheric research. Some 
vears ago a large amount of inventive thought 
was devoted to devising complicated and often 
highly ingenious devices for the elimination of 
atmospherics from wireless receivers. Largely 
due to the work of Dr. А. Koerts and 
Dr. J. R. Carson we have had to admit that the 
complete elimination of atmospherics is an 
impossibility. Even with ideally selective 
circuits a certain minimum of interference will 
ће absorbed, and this minimum increases with 
increase of the frequency range necessary for 
signalling. We have, in fact, learned to look 
upon atmospheric interference as possessing an 
energy spectrum spread throughout а wide 
range of frequencies and, if we choose to operate 
our communication channel on any particular 
frequency band, we are necessarily exposed to 
the interference corresponding to this range of 


frequencies in the atmospheric spectrum. This 
means that when the nature of the atmospheric 
spectrum is known, the amount of interference 
may be calculated from the constants of the 
receiving installation. We have learned that 
we cannot eliminate atmospherics from our 
receivers. We have, however, also learned that 
we can minimise the effects of atmospherics by 
limiting the frequency response of our receivers 
so as just to include the frequency range neces- 
sary for signalling. : 


8. — The above remarks show that, from the 
point of view of the radio-engineer who is 
inlerested in the prediction and performance of 
a wireless service, we require to know the energy 
flux spectrum of atmospherics (and its diurnal 
and seasonal. variation) for all azimuths. Such 
would be the complete atmospheric specification 
from a practical point of view. 

healising this, plans were formulated at our 
last meeting for measuring the almospheric 
frequency spectrum (averaged for all directions, 
since an aerial antenna was proposed) at many 
points on the earth's surface. Unfortunately 
the progress we hoped for has not been made 
with this ambitious experiment but one meas- 
uring installation has been working for some 
time now in South-East England and has already 
demonstrated the great value of the information 
to be obtained by this method. 

Even if it is still found impossible to proceed 
with this ideal experiment I would like to lav 
stress on the fact that, as agreed by our Sub- 
Committee last vear, the method we proposed 
for measuring the almospheric spectrum 15 one 
of the most suitable to adopt, even when obser- 
valions are confined to asingle frequency (i.e. to 
single ordinate on the Frequency-Energy curve). 
Only by using some such method can we attach 
a precise meaning to the much-used phrase 
« Strength of Atmospherics ». 


4. -— Т now turn to consider Atmospherics as 
geophysical phenomena. Here the chief prob- 
lem is to find (a) the position and (b) the nature, 
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of the discharges responsible for the origin of 
the atmospherics. It is clear that one of the 
most powerful methods of finding the place in 
which atmospherics are originating at any given 
time is that involving directional recording. 
Here it is satisfactory to note that pen-writing 
direclional recorders have been running now 
for some years at Slough (Englànd), Lerwick 
(Shetland Isles), Aboukir (Egypt), Potsdam 
(Germany), Bangalore (India), and Lindenberg 
(Germany). Ву the interchange of data amongst 
these countries it has been possible to make 
deductions as to the prevailing direction of arri- 
val of atinospherics in West and Nord-Western 
Europe. Unfortunately the deductions made 
from comparable data by different investigators 
do not agree, for M. R. A. Watson-Wat finds 
that « the predominant source of atmospherics 
for the whole world, at any moment, lies in a 
land where it is summer afternoon » whereas 
Dr. F. Schindelhauer concludes that the max- 
imum disturbance travels in directions which 
lie along and at right angles to the earth's 
magnetic field. It seems to me highly impor- 
lant that this matter should be considered afresh 
because of its bearing on the fundamental 
problem of the place of origin ot almospherics. 


5. — The question of the effective range of 
atmospherics has been on more than one 
occasion the subject of international discussion. 
As was most certainly desirable, entirely diff- 
erent experimental techniques for tackling this 
problem were developed in France and in Great 
Britain, and for some time the deductions drawn 
from the observations did not agree, the French 
school maintaining a very limited effective 
range for atmospherics, while the British school 
were led to conclude that atmospherics produced 
interferent effects some thousands of kilometres 
from their source. Fortunatly, and largely due 
lo the discussions between Mr. Watson-Watt and 
Commandant R. Bureau resulting from our last 
meeting, the differences due to the dissimular 
methods of measurement have been allowed for, 
and it is agreed by both schools that atmos- 
pherics may have exceedingly large ranges. Jt 
is, however, very desirable that further work 
should be done on the subject. 


6. — 1 now turn to a section of atmospheric 


research the results of which have given rise to 
most profound differences of opinion. І refer 
(о the subject of the nature of the discharge in 
which atmospherics originate. Are these dis- 
turbances of terrestrial or extra-lerrestrial ori- 


gine? If they are of terrestrial origin what is 
their usual meteorological environment? lf 


they are found to be associated. with thunder- 
storm conditions do they originate only in 
lightning flashes? | 

И we are to settle these questions it seems [0 
me that we must go further than the energy 
flux spectrum measurements ‘which we have 
decided give the radio-engineer the information 
he requires. We must not be satisfied with 
average-effect observations but must isolate the 
individual atmospheric and determine its charac- 
terislics. It will be seen that this means that 
our directional and intensity measurements 
must now be made with apparatus characterized 
by a much greater rapidity of response than that 
used heretofore. We must use a microscopic 
instead of a microscopic time scale. 


In this connection I do not think I can stress 
too highly the importance of the cathode-ray 
direction finder, the idea of which was put 
forward some fifteen years ago by Mr. Watson- 
Watt and which has recently been developed by 
the Radio Research staff at Slough in Great- 
Britain. With a base line of suitable length 
the directions of arrival of a single atmospheric 
can be observed at two stations and from the 
intersection of the two directions the position 
of origin of this particular atmospheric deduced. 
Results of great importance have already been 
obtained by American: workers (A. E. Harper 
and S. W. Dean) using this method and the 
region of Europe provides a most suitable labo- 
ratory for experiments using a more detailed 
network. At present, so far as 1 am aware, the 
only place where daily observations of this tvpe 
are being made is at Slough (England) where 
the results are being compared with meteorolo- 
gical information. 


In attempting to obtain information on the 
much-discussed subject of lightning as a source 
of atmospherics it seems possible that methods 
at present used by workers in atmospheric 
electricity for studying rapid changes of the 
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earth's potential gradient might, with certain 
modifications, be applied for investigating the 
waveform of the electromagnetic-disturbance 
originating in a lightning channel. The chief 
modification required would be the use of some 
form of electrical records of rapid response, such 
as a cathode-ray oscillograph or high-speed elec- 
tromagnetic oscillograph. Considerable prog- 
ress in developing such methods has already 
been made by Dr. H. Norinder (Sweden). The 
great advantage of this type of experiment is 
that both the source and the resulting almos- 
pheric are known. When the complete speci- 
fication of the electric field change duc to a 
lightning flash at a known distance can be 
given, our present-day knowledge of the trans- 
mission of wireless waves will enable us to 
predict the intensity of the atmospheric produced 
at much greater distances. 


7. — The question of solar 
atmospheric origin and propagation is another 
matter we ought to consider. This subject 
demands sustained measurements over a long 


influence on 


ANNEXE III. 


period of years such as have been made by 
Dr. L. W. Austin to whom we are indebted for 
practically all our information up to the present. 
In planning an extension of such observations it 
is well to remember that we must think in a 
lime-scale of decades. 


8. — In concluding these brief notes perhaps 
| may remind members of our Commission that 
lo plan international work does not. necessarily 
mean to arrange for exactly the same type of 
measurements to be made simultaneously in 
different countries. Cooperative research may 
lake different forms. The two dissimular ends 
of an experiment may lie in different countries. 
For example, the simultaneous observations 
on the electric field of a thunderstorm in one 
country might conceivably be linked up; if 
liming were sufficiently accurate, with the 
observations on the resulting atmospherics in 
another country. 

E. V. APPLETON. 


President, Commission IN. 


PREMIER RAPPORT DE LA SOUS-COMMISSION SUR LES MÉTHODES 
D'ENREGISTREMENT DES ATMOSPHERIQUES. 


1. — La Sous-Commission composée de MM. 
Bureau et Watson-Walt a tenu plusieurs séances; 
pour certaines d'entre elles, elle a cu l'assistance 
précieuse ди R. P. Lejay et du Professeur Apple- 
ton. 


2. — Elle a eu sous les yeux la premiere liste 
provisoire des stations susceptibles d'enregistrer 
dès maintenant les atmosphériques (9, et eHe 
nole avec salisfaclion que celte liste comprend 
20 stations et prés de 30 types d'appareils pour 
l'enregistrement des phénomènes des catégories 
suivantes : 

1° Nombre d'atmosphériques dépassant un 
seuil; 

2° Intensité intégrée de la perturbation; 

3* Direction d'arrivée : a) moyenne: b) indi- 
viduelle; 


(1) Voir cette liste, p. 63. 


4" Forme d'ondes des atmosphériques indivi- 
duels, 


3. — La Commission prend comme ligne con- 
ductrice de son travail la remarque contenue 
dans le discours de son Président, remarque qui 
signale que la définition complète d'une pertur- 
bation almosphérique serait fournie par un dia- 
eramme à quatre dimensions donnant les varia- 
lions par rapport au temps du flur d'énergie des 
atmosphériques dans tout le spectre electro- 
magnétique pour tous les azimuths : un tel dia- 
eramnme devant être établi pour chaque station 
dans un réseau suffisant pour caractériser le 
phénomène. 


4. — La Commission reconnaît qu'il faudrait. 
comme préliminaire nécessaire à une telle défini- 
tion, établir pour chaque instrument enregis- 
treur en service un diagramme correspondant 4 
trois dimensions donnant ses réponses à des 
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champs qui lui seraient appliqués et qui varic- 
raient dans la plus grande étendue possible 
(idéalement dans la totalité) de l'échelle des 
amplitudes, des fréquences et des azimuths. 


5. — Elle note qu'à présent les stations Amé- 
ricaines ct Britanniques seules, sont suscepti- 
bles de donner unc approximation de ces dia- 
grammes de réponse et que, seules, pour l'in- 
stant, elles disposent de moyens leur permettant 
de faire des mesures aussi détaillées. Par con- 
séquent les listes provisoires contiennent la 
valeur des échelles pour l'amplitude ct l'indica- 
tion de la fréquence sur laquelle sont centrées 
les bandes ainsi que la largeur de ces bandes, 
pour les appareils fabriqués en Amérique et en 
Grande-Bretagne, mais elles donnent seulement 
les valeurs d'échelle pour les nombres, sans 
indications de la largeur de la bande pour les 
appareils fabriqués dans d'autres pays. 


6. — La Commission n'a pas encore eu le 
lemps de discuter tout au long les problémes 
véritablement compliqués de la définition des 
appareils (spécification) problèmes qui impli- 
quent l'étude de la distribution de la sélectivité 
dans les circuits qui précédent et dans ceux qui 
suivent le point (qui idéalement se trouve uni- 


ANNEXE IV. 


quement au détecteur) où il se produit un écart 
sensible par rapport à la réponse linéaire (Phé- 
потепе de « cross modulation » etc.). 


4. — La Commission demande que son man- 
dat lui soit prolongé, avec addition possible de 
membres, de manière à lui permettre de com- 
pléter la liste définitive des enregistreurs et d'étu- 
dier le problème de la définition des appareils 
(spécification). 


8. — En attendant la Commission propose les 
recommandations suivantes à la Commission III: 


A) Que l'on demande au Comité National 
Francais de remettre ап Comité National Bri- 
lannique un Radiocinémographe identique à 
ceux aui doivent étre utilisés à Paris, Alger, 
Tunis ct Zi-Ka-Wei. 

B) Que l'on demande au Comité National Bri- 
tlannique de faire fonctionner cet enregistreur 
pendant une période considérable, à cóté de l'ap- 
pareil britannique. 


C) Que l'on demande en outre au Comité Natio- 
nal Britannique de inesurer le plus complète- 
ment possible les caractéristiques de cet enregis- 
treur dans le sens du paragraphe 4 де ce pre- 
mier rapport. 


British National Committee. 


THE PRESENT STATE OF BRITISH RESEARCH ON ATMOSPHERICS. 


The state of British work on atmospherics 
was reviewed in reports to Commission ÍH of the 
British National Committee under the following 
titles and dates, viz : | 
Summary of Recent British Work on the Nature and 

Effects of Atmospherics, 1926. 

Summary of Recent British Work on the Intensity, 

Directivity, and Origin of Atmospherics, 1926. 

A Review of the Present Position in British Work 

on the Nature and Origin of Atmospherics, 1926. 
Appendices to these notes, April 1927. 

Report on Atmospherics (supplementary to above), 

July 1928. | 

A review in a somewhat different form was 
read at the Public Session of the U. R. S. I. at 
Brussels, 1998, under the same title as the 


present note(). This note is intended to bring 
up to date (March 31** 1931) the type of infor- 
mation conveved in these earlier communica- 
tions. 


Publications. 

The amount of work published during the 
two-and-a-half-vear period under review is 
regrettably unrepresentative of the work aclu- 
ally carried out. The only papers published 
in relation to the atmospherics programme of 
the Radio Research. Board are the Symons 
lecture on « Weather and Wireless », Q. Ј. 
Roy. Met. Soc. 123, 1929, 500; a series of 


(1) U. HR, S. L, 1928, vol. H, fasc, 1, p. 119. 
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non-technical articles « About Atmospherics », 
World Radio, Jan.-July, 1930; the report of a 
discussion, at the Bristol Meeting of the British 
Association, on « The Meteorological Relations 
of Atmospherics », Q. J. Roy. Met. Soc. 195, 
1931, ; and the Report of the Radio Research 
Board for the period ending 31* March, 1929. 
No other British publications оп atmospherics 
fall to be recorded, with the exception of letters 
in Nature, 126, 1930, 55 and 169 on « Submarine 
Cable Interference » in which preliminary com- 
parisons between cable interference and atmos- 
pherics are discussed. 

On the cognate subject of thunderstorm clec- 
Iricity the following papers should be noted, 
viz : 


The Mechanism of Thunderstorms. (British Associa- 
tion Discussion.) (ENGINEERING 126, 1928, 495.) 


SCHONLAND, The Polarity of Thunderclouds. (PROC. 
Коу. Soc. 118 A, 1928, 223.) 


SIMPSON, Lightning. (J. I. E. E. 67, 1929, 1269.) 


WORMELL, Vertical Electric Currents below Thun- 
derstorms. (PROC. Roy. Soc. 127 A, 1930, 567.) 


BANORJi, Electric Field of Overhead Thunderstorms. 
(0. J. Коу. Мет. Soc. 56, 1930, 305.) 


SCHONLAND, Thunderstorms and the Penetrating 
Radiation. (Рвос. Коу. Soc. 130 A, 1930, 37.) 


in these circumstances the present note must 
lake the form of an interim report of progress on 
Ihe work in hand, but mainly unpublished, in 
the programme of the Radio Rescarch Board. 
For convenience the history of each item, from 
its inception, is very briefly summarised. 


Directional Recording. 


The network of simple directional recorders 
installed at Aldershot (1921) Lerwick, Slough, 
Aboukir and Bangalore (1924), were maintained 
in operation until the end of 1928, when 
recording was suspended because if was consid- 
ered that sufficient data of the type which this 
instrument could provide had been obtained. 
Similar recorders were operated for some time 
at Lindenberg and Potsdam Observatories by the 
Prussian Meteorological Institutes and results 
communicated to the Board's workers, 

The resulting records were reduced to hourly 
predominant directions of arrival at all stations. 
Despile difficulties due to the very wide polar 


curve of the apparatus, and to the ambiguity of 
sense in the recorded bearings, the plotting of 
these hourly values resulted in the production 
of a world map showing the orderly progression 
of a single dominant source across the world, 
under solar control; the average source domi- 
nating almospheric disturbance on long waves 
al European and North-African stations was 
shown to be in a land area where the season was 
local summer and the time of day local afternoon 
or evening. Thus for example the dominant 
sources in January lie over Southern 8. America 
at 8 a.m. G.C.T.; the East Indies at 6 a.m. and 
9 a.m.; are scattered over Europe between noon 
and 6 p.m.; and are again over S. America at 
Greenwich midnight. The corresponding po- 
sitions in July are : 8 a.m. India and Tibet; 
6 a.m. the region of the Caspian; 9 a.m. and 
Greenwich noon Eastern Europe; 3 p.m. to 
9 p.m. Western Europe; and midnight Tibet. 

Independent comparison of the data showing 
the most frequently disturbed directions for 
every hour of the day at different seasons shows 
very satisfactory agreement with data of average 
thunderstorm activity, the most frequently dis- 
lurbed direction for any time and season, at any 
receiving station, passing through the most 
active thunderstorm centre of that period, allow- 
ance being made for attenuation effects due to 
distance and conditions of illuminations on the 
roule from thunderstorm centre to recording 
station. 

These examinations of the data in the mass 
were accompanied and supplemented by the 
examination of simultaneous observations at tlie 
recording stations on selected individual occa- 
sions. The known imperfections of the appa- 
ratus made exhaustive investigation on these 
lines unjustifiable, and it was considered suf- 
ficient to show that there was a general relation 
between individual sources of atmospherics thus 
located and cold fronts revealed by the mete- 
orological charts. 

To eliminate the more obvious disadvantages 
of the older pattern of directional recorder, à 
new pen writing recorder with a much more 
satisfaclory polar curve has been developed and 
tried. Briefly, this new « narrow-sector > 
recorder consists of two independent aerial 
and amplifier svstems, of which one may, for 
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example, be a non-directional acrial with ап 
amplifier of moderate gain, the second an aerial 
with a figure-of-eight or a cardioid diagram 
associated with an amplifier of much higher 
gain. These two operate differentially on the 
pen-writing indicator, so that the former is 
prevented from recording except when the latter 
is sensibly free from signal emfs., i.e. when it 
is passing through a direction of minimum dis- 
turbance. The nett effect is an inversion of 
the polar curve of the second aerial system, 
record being obtained only over a narrow sector 
centered on the minimum of the polar curve, 
and the sector of recording is deduced as the 
ratio of the gains of the two amplifiers is 
increased. The « resolving power » in respect 
of simultancous streams of atmospherics arriving 
from different directions is thus very greatly 
increased, although at the expense of a restricted 
sampling of the whole distribution, recording 
laking place over a relatively small fraction of 
each revolution. Apart from the obvious direct 
improvement in resolution in azimuth the 
resulting records show a secondary improvc- 
ment, which was forecast by the designer, in 
that the times of effective beginning and ending 
of activity of any particular source can be clearly 
discerned in the improved records; thesé addi- 
tional characteristic quantities will very greatly 
facilitate the comparison of simultancous records 
from different stations. 

There is secure ground for the belief that the 
« narrow-sector » recorder will provide an easv 
means for the elucidation of many of the 
oustanding problems on the origin of atmos- 
pherics. One recorder of this type has been in 
experimental operation, at Slough since April 
1930, another has been supplied to the Australian 
Radio Research Board. 


The Cathode Ray Direction-Finder. 

The cathode ray direction-finder, suggested 
in 1916, produced in 1923, reduced to a 
convenient form in 1927, and greatly improved 
in convenience and scope of application between 
1927 and the present time, remains alone as a 
direction-finder capable of giving substantially 
complete sampling of anv distribution of atmos- 
Pherics within its limits of sensitivity and 
frequency-band. This high performance, based 


on its power of indicating the direction of arrival 
of each individual atmospheric has, until now, 
been capable of attainment only at a prohibitive 
cost in personnel, because of the fact that it has 
been left in the form of a visual instrument. 
Such sampling as has been possible, however, 
has been very instructive. 

For a considerable period only one instrument 
of the kind existed, and direct comparisons of its 
indications with visible lightning were made. 
The next step in its application was its use in 
the identification of the particular atmospherics 
which actually proceeded from the dominant 
source, at particular times, located by the 
recorder network, and the study of the mete- 
orological origins and the effective disturbing 
range of the atmospherics so identified. 

In 1927 simultaneous observations with two 
instruments, one at Slough and one at Cupar, 
Scotland, with a direct line telephone connection 
between the two observers, were instituted. А 
preliminary comparison of the results with mete- 
orological data confirmed and amplified the 
deductions drawn from recorder data, but sho- 
wed that the details of the relation between cold 
fronts and sources of atmospherics were not all 
transparent, and that their elucidation would 
demand much closer study of the meteorological 
situation than could be made by anyone other 
than а specialist working in a modern forecasting 
cenlre. Arrangements were therefore made for 
daily telephonic reporting in code to the Airship 
Meteorology Division of the Meteorological 
Office, Air Ministry. This comparison is not 
yel complete, owing to the necessity for re- 
checking the records in cases where negative 
results appear to be indicated. The first indi- 
calion is that approximately half of the radio- 
telegraphic locations agree with the indications 
of the metcorological chart, the remaining cases 
ought to be re-examined from the meteorological 
and from the observational standpoints. It is, 
however, doubtful whether, in view of the fur- 
ther progress now to be recorded any exhaustive 
re-examination is: justified. 

It was known that the method of observation 
employed, involving two stations only, each with 
a single observer making angular determinations 
on a scale of some five to ten centimetres diame- 
ler, the observers communicating by telephone 
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for the maintenance of simullaneity of obser- 
valion, would give a considerable proportion of 
fallacious locations owing to personal error. 
Irrespective of the ultimate method of observa- 
tion in any practical application of the method, 
it was clearly desirable to eliminate personal 
error from any crucial experiments carried out 
to test the method. 

A step towards this ideal was made with the 
introduction of photographic methods. The 
von Ardenne oscillograph (referred to in the 
following section on Wave Form work), enabled 
photography of the individual traces from the 
cathode ray direction-finder to be effected. 
After a considerable series of development tests, 
a satisfactory technique for simultaneous pho- 
tography has now been evolved, and will be 
lested in daily use on the 500 km. base line 
Slough-Leuchars (Fifeshire), with telephone 
linkage for synchronisation and control, during 
the coming summer (1931). ,Thelocations made 
by this system are those which it is proposed to 
report for weeklv broadcast issue under the 


auspices of the U. R. S. I. 


Wave Form Work. 


The visual observations of the wave form 21 
individual atmospherics, began at Aldershot in 
1922, continued in Aldershot, in H.M.S. 
« Yarmouth », in Helwan and Khartoum in 
1923-24, yielded 50,000 individual drawings ot 
atmospherics which have all been measurcd, 
reduced, and classified. Broad general conclu- 
sions have been drawn, and widely quoted and 
discussed but this great mass of data still awaits 
publication in detail and in final form. It is 
the more important that publication should be 
made because only one other worker, (Cairns at 
Watheroo) has succeeded in delineating even 
one thousand forms. Recently Joscheck at Halle 
has photographed wave forms with a mechanical 
oscillograph but his discussion, of results mea- 
ere in number, is completely invalidated by his 
failure to realise that he was recording a first 


| . | dE : У 
differential "a and treating it:as fundamental 


form E despite the emphasis laid on this point 
in the publications dealing with the work under 
the auspices of the Board. 

The production of a greatly improved cathode- 


ray oscillograph, capable of operation from 300 
to 4,000 volts, by Baron Manfred von Ardenne 
of Berlin, has brought the photography of the 
wave-forms shown on the normal apparatus inlo 
immediate practicability. Preliminary runs 
have been made, and it is satisfactory [0 nole 
lhat the general nature of the recorded forms 
is in full agreement with the results of the « eyc- 
and-hand » work. 

It is to be expected that the application of 
the photographic method at two or more stations 
will give a great extension of data on the forni 
of atmospherics, its modification during ргора- 
galion, and the temporal incidence of atmos- 
pherics. It is proposed to develop the method 
of simultaneous photography of wave-forms al 
Leuchars and Slough as a preliminary to simul- 
laneous photography over longer bases. 


Energy Spectrum of Atmospherics. 


The formidable difficulties of predetermining 
the disturbance to. be expected in a given 
receiver at а given place and time by synthesis 
from wave-form and succession-interval data, 
led the Board to initiate an experimental detcr- 
mination, by a kind of wireless spectrometer, of 
the distribution of the energy of atmospheric 
disturbance throughout the wireless signallinz 
spectrum. The first experimental element was 
sel up in July 1926; a complete installation with 
six elements (each corresponding to a « slit » of 
different frequency centering but of constant 
width) was sel up in April 1927 but was destroyed 
by fire in December 1927. А modified design 
was made and an experimental element set up in 
July 1928. Meanwhile, however, the Interna- 
tional Scientific Radio Union at ils Brussels 
meeting in 1928 had adopted the proposals, 
originating at Radio Research Station, for the 
international use of such instruments, and 
the General Electric Company of America had 
undertaken to provide thirty-six completed six- 
element installations free of charge to the 
Union. The Superintendent of the Radio Re- 
Station and a representative of the 
Gencral Electric Company were appointed as à 
special commission to design and issue the sets. 
In these circumstances the Board decided to 
suspend production of sets at Slough, pending 
(ће test of the first American set which was to be 


search 
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submitted to Radio Research Station for appro- 
val. No progress can be recorded in this item of 
the U. R. S. I. programme, nor has any definite 
statement of the General Electric Company's 
position and policy in thc matter yet been 
received. П is hoped however that such a state- 
ment may be available at Copenhagen. 


Data has been obtained in test runs on the 
following frequencies during the periods shown, 
viz : 

July 1926 to January 1927 

April 1927 to November 1927 

33.5 kc/s., 68 kc/s., 97 kc/s. 

July 1928 to September 1929 13.2 kc/s. 

September 1929 to present date 85 kc/s. 


This material has bcen reduced to hourly 
(more recentlv to half-hourly) values, expressed 
in microvolts per metre of sustained signal at the 
central frequency of the band recorded, and 
harmonic analysis of the reduced values carried 
out. Similar treatment was accorded to the less 
satisfactory dala of intensity of disturbance 
derived from limited portions of the material 
from the directional recorders. А group of 
preliminary notes have been prepared on some 


12 kc/s. 
14 kc/s., 


aspects of these reductions, and it is hoped to - 


unite them into a single paper, with a view to 
publication, at an early date. Meanwhile il 
may be noted that the coefficients determininz 
the amplitude of the terms in the series showing 
the diurnal variation of disturbance have been 
shown to have themselves an annual variation 
which is sufficiently nearly sinusoidal; that the 
diurnal variation curve of a random day can be 
very closely forecast from a single measured 
value of disturbance at any hour of that day, and 
that the form of the diurnal and annual varia- 
lions is in agreement with the « long-range 
convective-origin » hvopthesis of atmospheric 
disturbance indicated in the section on direc- 
lional recording. 


Preliminary observations have also been made 
on the relation between disturbance level. and 
mean frequency. The absolute level of atmos- 
pheric disturbance has a minimum in the region 
of 60 kc/s.; this fact is of special interest as 
agreeing with the determination made, in 
experiments on the Transatlantic Telephony 
service, that the « signal-to-static » ratio in these 


experiments reached a maximum about this 
frequency. 

It has also been observed, in preliminary 
examination of these records, that the nature of 
the relation between atmospheric disturbance, 
on the relatively low frequencies examined, and 
terrestrial magnetic activity, is that the curve of 
atmospheric disturbance has brief intervals of 
abnormally high value when the rate of change 
of magnetic intensity is abnormally high. This 
relation cannot, however, be traced in every case, 
with the somewhat superficial means of com- 
parison readily available. И is hoped that such 
data may be more closely examined in relation 
to records of rate of change of vertical magnetic 
force. 


Effective Disturbing Range of Atmospherics. 


The Board collaborated with a special com- 
mittee of the Roval Meteorological Society in 
investigations on the effective disturbing range 
of atmospherics. Broadcast talks were used as 
lime bases for observations bv amateur obser- 
vers, while the Board's network of directional 
installations fixed the sources of disturbance. 

These experiments were so successful that the 
Board advised the Department of Scientific and 
Industrial Research to make available to the 
Royal Meteorological Society а number of 
picture-receiving installations, which have been 
in use since July 1929 in the recording of atmos- 
pherics received along with a special graticule 
Iransmitted, four times weekly, by the British 
Broadcasting Corporation using first а picture 
transmitter lent by Messrs. Wireless Pictures 
(1928) Ltd., and more recently a mechanically 
operated transmitter. In the earlier tests a con- 
siderable number of amateurs contributed 
records from their own picture receivers, but 
the cessation of normal picture transmissions 
has deprived us all save a very few — although 
an exceptionally valuable few — of 
collaborators. The work of the observers has 
also heen made more difficult by this cessation, 
as they are left without routine transmissions on 
which to test and adjust their receivers, 

The broad results obtained up to date is that 
avery great preponderance of atmospherics are 
received at all. stations where the receiver 
sensitivity — determined and indicated by the 


these 
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strength of the graticule signals — is sufficient 
to reveal them. In a number of cases it has 
been shown to be possible to determine roughly 
the path difference between the graticule and а 
particular atmospheric in rcaching several sta- 
tions, and | thence to infer the approximate 
position of the source. 

Up to the present the experiments have been 
regarded as preliminary only, but it is considered 
that the results justify a more comprehensive 
scheme, in which simultaneous observations on 
direction of arrival and on wave-form are made 
at Slough and Leuchars during these special 
transmissions. [International collaboration in 
this simple programme would be valuable. 

One important matter relating to the wave- 
form work has been strongly re-emphasised by 
the picture-recording experiments. It has 
always been realised that the wave-forms delin- 
eated are necessarily withdrawn from their 
conlext in the general stream of disturbance, 
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and that the nature of the disturbances pro- 
ducing sounds of long duration in receivers 
required closer examination. The picture rec- 
ords, however, show with great clearness the 
[frequency with which virtually uninterrupted 
streams of disturbance persist for periods of the 
order of a whole second. It is fortunate that 
the photographic technique for  wave-form 
recording provides the means for examining the 
details of such disturbances. 


Net Field Changes. 

Experiments are in progress at King's College, 
London and at Radio Research Station, Slough 
on the semi-permanent changes in the earth’s 
clectric field which are produced by lightning 
discharges. The relation between this « elec- 
trostatic » term and the « radiation » term in 
the field changes due to lightning has bcen 
briefly discussed in the papers of Appleton, Watt 
and Herd on « The Nature of Atmospherics ». 


British Nationai Committee. 


NOTES ON APPARATUS FOR RESEARCH ON ATMOSPHERICS. 


The British National Committee thinks that it 
may be useful for Commission III to have at its 
disposal notes showing the actual cost of the 
various types of apparatus already in use in 
atmospherics research in Great-Britain. It sub- 
mits these notes, not as a programme of work, 
nor as a subject for discussion per se, but solelv 
to provide data on the economic side of the 
work, to which reference may be made when 
апу particular line of investigation is under 
discussion. 


Ia. — The continuous recording of the Energy 
Spectrum of Atmospheric by the methods appro- 
ved at the Brussels meeting of 1928. The cost 
of the complete apparatus for a single station 
recording on six wave-lengths simultaneously 
is £ 700. The apparatus requires five hours of 
a scienlist and five hours of a technical assistant 
per weck for maintenance and running. The 
reduction of the records to half-hourly niean 


values requires thirty hours of a computer per 
station per week. 


Ib. — In the event of the full scheme being 
unattainable recording with a single element 
would cost £ 185, the attendance for two hours 
per weck of a scientist, two hours of a technical 
assistant, and for reduction of dala six hours 
per weck of a computer. 


IIa. — Photographic recording of directions 
of arrival of individual atmospherics. The 
Chairman of Commission III of the British 
Committee hopes to have the opportunity. of 
describing briefly in Public Session the tech- 
nique of photographic registration with the 
cathode-ray direction-finder. The cost of the 
complete apparatus for a single station, inclu- 
ding the apparatus for superposition of synchro- 
nising signals, is £ 500. The cost of running 
is so directly dependent on the magnitude of the 
programme that no firm estimate can be given, 
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but two technical assistants-are required during 
actual operation. The photographic processing 
of the film occupies a technical assistant for 
about one hour per period of observation, the 
full extraction of dala occupies a computer for 
five hours per minute of observation. The more 
superficial reduction for location of the most 
prominent sources only could be carried out, 
at a central station, in two to three hours per 
period of observation per pair of stations. The 
British national programme at present provides 
for ten minutes рег day on five days per week. 
The cost of film is likely to be about £ 1.10 sh. 
0 d. per week for this larger programme. 


Пр. — A somewhat less expensive model 
could be designed to work on an approximately 
fixed frequency, preferably of 10 kc/s., at a 
reduction of £ 100 per station in cost of 
apparatus. The British Committee will, if 
required, undertake to prepare designs for sucli 
a photographic installation to cost not more than 


# 400. 


IIc. — Visual observations, while far less 
satisfactory than photographic may be valuable 
supplementary contributions, and could be made 
al a cost of approximately. £ 90 per station below 
the estimates gives above, viz. at £ 410 for the 
most sensitive sets of variable wavelength, or 
£ 310 for the less sensitive fixed wavelength set. 


III. — Synchronous photographic registration 
of the waveforms of individual atmospherics. 
The apparatus, which is most conveniently 
operated simultaneously with the cathode-ray 
direction-finder cost £ 200 per station. The 
maintenance, running and photographic proces- 
sing are similar in cost to those of Па, the 
reduction occupies about six hours per minute 
of observation. The cost of film may reach 
£ 1.10 sh. 0 d. per minute of observation, but is 
more normally about 2 sh. 0 d. per minute. 


IVa. — The Radio Rescarch Station has 
devised a new form of penwriting directional 
recorder whose discriminating powers in azi- 
muth are much superior to those of the original 
recorder and which is free from the 180° ambi- 
сину. This apparatus costs £ 320, and requires 
four hours per week attendance of a technical 


assistant, the records require four-and-a-half 


hours per week of a computer for reduction to 
hourly values. 


IVb. — The older form of recorder can now be 
produced at a cost of about £ 230, but it is not 
considered that the data obtained are sufficiently 
complete to justify the use of these recorders 
otherwise than as subsidiary elements in a 
network. 

Va. — In the region of much less expensive, 
but much less stringent observations, the British 
Committee would refer to the recording of 


disturbing range of atmospherics by the 
Fultograph receiving process. Transmissions 


are available from stations of the British Broad- 
casting Corporation, the cost of the receiving 
equipment is £ 15 per station, including the 
radio receiver, or £ 2 per station for the 
Fultograph apparatus at « scrap » prices. The 
present British programme involves four trans- 
missions per week of four-and-a-half minutes 
cach, the reduction of each record requires about 
two hours, this figure varices very widely 
according to the conditions of disturbance. 

This recording scheme might be very widely 
extensed in geographical and wavelength range 
bv utilising international or U. R. 5. 1. signals 
as synchronising signals for releasing the 
recording drum. By running the recorders al 
half the frequency of the « tops » in astronomical 
signals, a reliably measurable record could be 
obtained over about 70 % of the record, running 
at the frequency of the « tops » leaves the time 
scale indeterminate over the whole record, as no 
reference signal is thus obtained on the record 


itsclf. 


Vb. — Finally the Committee would refer to 
the aural observations on disturbance accom- 
panying broadcast talks. The accuracy and 
value of this method was found to be very much 
higher than was ever anticipated by its рго- 
moters, and the fact that it can be operated 
substantially free of cost is in its favour. 

In all cases the estimated costs above are the 
full economic costs of purchase as a whole or in 
parts from the cheapest reliable source or of con- 
struction in the workshops of the Radio Research 
Station, whichever is the cheaper. [n the latter 
case the costs include general and special oncosts, 
but no development or rescarch costs. 
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In conclusion, the Committee would again 
cmphasise that these methods are put forward, 
not necessarily as the best methods nor as the 
only available methods, but as methods which 
have satisfied the British National Committee in 
aclual use. Similarly the proposals are put 


ANNEXE VI. 


forward not as a programme, but as an incom- 
plete section of a catalogue raisonné of possible 
programme items for selection. 


R. A. WarsoN-WarT. 


Chairman of Commission II] 
of the British National Committee. 


British National Committee. 


STUDY OF THE CIRCUMSTANCES OF ORIGIN OF ATMOSPHERICS. 


The British National Committee asks for the 
collaboration of Commission III of the U. R. S. I. 
towards the more effective prosecution of the 
investigation ‘on the origin of atmospherics 
which the British Committee has undertaken. 
It feels that, while the experimental methods for 
use in this investigation have been tested and 
found satisfactory, further progress is very 
largely dependent on extended international 
collaboration. 

The Chairman of Commission III of the 
British Committee hopes to have the opportunity 
of describing briefly in public session the tech- 
nique of simultancous photographic registration 
with the cathode-ray direction-finder. This 
method is being employed in the location of 
sources of atmospherics by recording at two 
stations 550 km. apart, and the Department of 
Scientific and Industrial Research has under- 
taken to make the daily results of this work 
available for broadcasting in Ursigrams if desi- 
red. 

The collaboration now asked for has several 
different aspects some of which may be con- 
veniently handled by different collaborating 
organisations. The main difficulties in the 
study of the meteorological environment of 
the places of origin of atmospheries have been 
of two classes 1) imperfections in the radio- 
telegraphic data 2) imperfections in the mete- 
orological data. The former, already reduced 
by the improvement of the method, con be 
further reduced by increasing the number of 
observing stations making simultaneous records, 
There remains, that 


however, the limitation 


economic considerations restrict the complete- 
ness of sampling, so that special arrangements 
are required to ensure recording at times of 
special meteorological interest. 

The latter mentioned imperfections take the 
practical form that, despite the great volume of 
meteorological data ultimately available from 
national and international meteorological orga- 
nisalions the detailed data for a particular small 
area whose зиду is suggested by the radio- 
telegraphic locations are available only after 
laborious sifting of material, after considerable 
delay, and frequently still in insufficient detail. 

The first request of the British Committee is 
therefore for simultaneous observations in other 
countries by means of photographic cathode-ray 
direction-finder. As examples of countries 
from which such collaboration would be speci- 
ally valuable may be mentioned the United 
States, to deal with Atlantic sources, and Poland, 
to deal with Western European sources. Pre- 
liminary observations in England and America, 
approximately simultaneously, have shown the 
ereat value of such international collaboration. 

The second request of the British Committee 
is for consideration by the U. R. S. J. of the 
desirability and possibility of the radiation of 
synchronising signals for the control of the 
timing on these records. The scheme at present 
in use over the land line connecting the two 
British observing stations might on rare occa- 
stons be extended to serve the proposed American 
stalion, but discussion of a practical method for 
further extension to frequent observations is 
required. The problem is especially difficult in 
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the case of the special non-routine observations 
on Occasions of exceptional meteorological 
interest. 

The third request is for consideration of means 
by which these special occasions can be utilised. 
The tvpe of collaboration here suggested is 
sufficiently indicated in a more general sugge- 
stion made at Bristol by the Chairman of the 
British Commission III, viz : 


« Let the Pic du Midi and the Zugspitze, 
observatories with good horizons and plen- 
tiful thunderstorms, signal by radio the in- 
stant at which a lightning flash is observed. 
Let Slough and as many other stations as 
can participate measure the peak voltages 


of the resulting atmospheric in aperiodic 


and in a series of band-filter circuits. Let 
the laws of propagation be applied to infer 
the peaks at other distances. Let the obser- 
vatories measure the net field changes close 
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‘to the discharge, and the specification will 
be complete for a wide range of normal 
receivers ». 


The British Committee would undertake to 
make the fullest possible use of any such warn- 
ing system as might be arranged, other National 
Committees would doubtless find it valuable for 
their own national programmes. 


The fourth request is for assistance, in arrear, 
in examination of the details of the meteorolo- 
gical situation at places which have been, by the 
radiotelegraphic observations, indicated as the 
place of origin of atmospherics at a particular 
time. The British Committee asks for the advice 
of the Commission on the best methods for 
obtaining this detailed data. 


R. A. WarsoN-WATT. 


Chairman of Commission III 
of the British National Committee. 


PROJET DE DISCUSSION SUR LES RAPPORTS ENTRE LES ORAGES 
ET LES ATMOSPHÉRIQUES. 


Ce n'est pas mon intention de vous parler de 
mes travaux sur ce sujet qui datent de plus de 
cinq ans. | 

Permettez-moi seulement, en vue а атогсег 
une discussion, de poser un certain nombre de 
questions, de vous rappeler un certain nombre 
de faits expérimentaux et d'en tirer les conclu- 
sions qui me semblent propres à diriger nos 
débats. | 

Nous ne doutons plus qu'une des causes prin- 
cipales des atmosphériques, soit à rechercher 
dans les variations brusques du champ électrique 
de l'atmosphére, et nous voudrions savoir si ces 
variations brusques sont la seule cause des atmo- 
sphériques. 

Nous savons d'autre part que l'éclair produit 
de ces variations brusques et constitue l'origine 
de certains atmosphériques à longue portée et 
nous voudrions décider si les éclairs constituent 
la.seule cause des atmosphériques d'origine loin- 
laine 

En fin, quelle que soit la réponse aux questions 
précédentes sachant que l'éclair produit un atmo- 
sphérique à longue portée nous voudrions étu- 


dier la constitution de cet atmosphérique à l'ori- 
gine, et le suivre au cours de sa propagation. 

Pour répondre à ces questions nous disposons 
de faits expérimentaux qui peuvent étre classés 
en deux catégories : 

1? Les mesures directes de la perturbation ora- 
geuse au voisinage des éclairs vus par l'ob- 
vateur; 

2^ L'identification à distance des sources ora- 
geuses d'atmosphériques enregistrées. 


Les mesures directes, faites notamment par 
C. T. R. Wilson, par Nainder, et par moi-méme, 
nous permettent de dire que l'éclair est une 
décharge de l'ordre de 10 à 50 Coulombs sous 
une tension de l'ordre de 300,000 volts par 
mètre au voisinage du sol, composée parfois 
d'éléments se succédant à une cadence plus ou 
moins régulière de l'ordre de quelques centièmes 
de seconde, chacun des éléments de structure 
trés complexe ayant une durée totale de l'ordre 
du cinquante millième de seconde. 


Mes mesures personnelles m'ont montré à 
1 kilomètre de l'éclair des variations du champ 
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statique vertical de l’ordre de plusieurs dizaines 
de milliers de volts par mètre. А 20 kilomètres 
où observe encore des variations de 2 à 500 volis 
par mètre; à 150 kilomètres des variations de 
quelques diziómes de volts par mètre. 

Au calcul on doit déduire par conséquent que 
cet effet statique doit être encore de plusieurs 
centaines de micro-volts par métre à 1,500 kilo- 
métres. 

D'autre part, à plusieurs reprises, j'ai observé 
des variations du méme ordre de grandeur sans 
éclairs, au passage de cumulo-nimbus orageux. 

Je donne en particulier à une observation un 
caractère trés affirmatif car je le juge extréme- 
ment important: j'ai mesuré une variation 
brusque de plus de 300,000 volts par métre sans 
qu'il ait été observé, en pleine nuit, d'autre phé- 
noméne qu'un sifflement violent des paraton- 
nerres et des aigrettes dans les cheveux des 
observateurs. di 

J'en conclus ainsi des observations de varia- 
tions brusques de plusieurs centaines de volls 
par mètre à 20 kilomètres d'un cumulo-nimbus 
isolé dans un ciel clair, à l'existence dans 
l'atmosphére de décharges électriques violentes 
sans éclairs. 

De la seconde classe d'expériences qui cher- 
chent à localiser les sources d'atmosphériques 
pour en vérifier l'origine orageuse, on peut tirer 
les renseignements suivants : 

L'expérience a montré, en particulier а 
M. Watson Watt que la majorité des centres 
d'émission d'atmosphériques se distribuent le 
long des surfaces de discontinuités météorolo- 
giques, et en particulier des fronts froids, оп de 
fait se produisent aussi une grande proportion 
d'orages. 

Mais il apparait qu'une proportion variable 
suivant la saison, des sources d'atmosphériques 
ne se place ni à proximité d'orages, ni à proxi- 
mité de cumulo-nimbus. 

De ces faits expérimentaux il me semble donc 
qu'on puisse déduire cette conclusion. 

Surtout si nous n'appelons éclair que le phé- 


noméne lumineux, généralement accompagné 
de tonnerre, on peut affirmer avec certitude que 
les atmosphériques ne proviennent pas unique- 
ment des éclairs, mais les données que nous pos- 
sédons ne nous permettent pas actuellement de 
nous faire une idée précise de la proportion des 
almosphériques provenant des orages propre- 
ment dits. 

Pour avancer dans le probléme qui nous inté- 
resse ici, il me semble qu'on pourrait envisager 
le développement simultané des deux méthodes. 
П faudrait, comme l'a proposé la délégation bri- 
tannique, essayer d'associer les observateurs 
d'orages et les observateurs d'atmosphériques el 
leur faire exécuter des observations simultanées. 

Les difficultés que souléveraient une telle 
expérience sont de telle nature qu'il semble dif- 
ficile actuellement d'engager sur ce point une 
collaboration générale, mais on ne pourrait 
qu'applaudir à des ententes individuelles qui 
tendraient à mettre au point une méthode d'ob- 
servation. 

Il serait aussi trés désirable qu'aux observa- 
tions d'atmosphériques soient liées des observa- 
tions des variations rapides du champ électrique 
de l'atmosphére soit par une méthode dérivée 
de celle qu'emploie C. T. R. Wilson, soit par la 
méthode qui consiste à mesurer le courant induit 
dans un cadre horizontal. 

En conclusion, je proposerais les sujets de dis- 
cussion suivants : 


1° L'amélioration des observations d'orage (еја- 
boration d'un projet à renvoyer au Comité 
Météorologique International) (altitude); 


2^ L'organisation de mesures phvsiques де 
variations brusques du champ électrique 
(projet à soumettre à l'Union Internationale 
Géodésique et Géophysique); 

3" L'organisation de mesures individuelles de la 
perturbation électrique à grande distance 
de l'éclair, avec enregistrement à plusieurs 


distances pour l'étude de la propagation. 


R. P. Lesay., 


Union Radio Scientifique Internationale. 
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The Commission of Cooperation with Opera- 


les Praticiens, les Amateurs et les Sciences Con- lors, Practitioners, Amateurs and Connected 


nexes comprend les membres suivants : 


Président : M. 
Belgique : M. 
États-Unis : M. 
France: M. 


Grande-Bretagne : M. 


Italie : M. 


Japon : M. 


Norvége : M. 


Nouvelle-Zélande : M. 
Pays-Bas : Jr. 
Portugal : M. 


Suisse ; M. 


le Proff A. E. KENNELLY of the Harvard Engineering 
School. 


F. DACOS, Chargé de Cours à l'Institut Montefiore. 


le Proff A. E. KENNELLY of the Harvard Engineering 
School. 

P. BRENOT, Directeur de la Société Frangaise Radioélec- 
trique; M. le Général DELCAMBRE, Directeur de l'Office 
National Météorologique et M. le Lieutenant-Colonel JUL- 
LIEN, Directeur du Centre d'Études de la Télégraphie 
Militaire. 

O. F. BROWN, Department of Scientific Research; M. le 
Prof: S. CHAPMAN of the Imperial College of Science 
and Technology; M. le D" E. H. RAYNER, D. Sc., National 
Physical Laboratory; M. le D' G. €. SIMPSON et M. le 
D' R. ^. WATSON WATT, Superintendant of the Radio 
Research Station. : 

le Commandant G. MONTEFINALE et M. le Colonel 
L. SACCO, Directeur Principal de l'Office Radiotélégra- 
phique et Électrotechnique du Génie Militaire. 

le D' S. FUJIWHARA of the Central Meteorological Obser- 
vatory; M. HASIMOTO of the Tokvo Astronomical Obser- 
vatory; M. S. INADA of de Bureau of Telephone and 
Telegraph Engineering, Ministry of Communications et 
M. le Proft 0" H. NAGAOKA of the National Research 
Council. 

le Capitaine F. BUGGE, Chef du Laboratoire Radiotech- 
nique de la Marine; M. B. L. GOTTWALDT, Radiotechnisk 
Konsulent et M. NICKELSEN, Directeur Général des Télé- 
graphes. 

le D' M. А. F. BARNETT of the Department of Scientific 
and Industrial Research. 

G. SCHOTEL, Ingénieur au Bureau Technique du Minis- 
tére des Colonies et M. H. VEENSTRA. 

le Lieutenant de Vaisseau F. PIRES da ROCHA, Chef du 
Laboratoire Radiotélégraphique de la Marine de Guerre. 


Je р" J. LUGEON, 


Sciences is composed of the following members : 
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COMPTE RENDU DE LA SEANCE DU MARDI 2 JUIN 


ACCOUNT OF THE MEETING OF TUESDAY, JUNE 2 


La séance est ouverte à 16 heures, sous la pré- 
sidence du D' E.-H. Rayner. 


Le Président. — Je regrette vivement que 
nous n'ayons pas parmi nous le Président de cette 
Commission, M. le Prof’ Kennelly, dont la science 
et la connaissance de la langue francaise auraient 
beaucoup contribué à la direction de ce débat. 

Je me suis senti trés honoré d'avoir été choisi 
par vous comme Président; j'essayerai de me 
rendre digne dc cet honneur, mais je dois vous 
demander toute votre indulgence et toute votre 
assistance. | 

Nous devons élire un Vice-Président pour la 
Commission IV et j'ai l'honneur de vous propo- 
ser la candidature de M. le Prof' Nagaoka. 

Nous avons aussi à choisir un rapporteur et je 


propose d'élire à cette fonction M. le Prof” Chap- 
man. 


Ces propositions sont adoptées à l'unanimité. 


Le Président. — Je vais vous donner un court 


résumé du rapport de M. le Prof’ Kennelly, Pré- | 


sident effectif de notre Commission ('). 

Ce rapport attire l'attention de la Commission 
sur l'échange international d'informations rela- 
lives aux phénoménes cosmiques quc l'on estime 
pouvoir influencer la propagation des ondes à la 
surface de la terre. 

M. le Prof Kennelly divise les zones qui inté- 
ressent la. transmission des ondes, en quatre 
couches : 

1? Zone terrestre; 

2° Zone atmosphérique inférieure; 
3^ Zone atmosphérique supérieure; 
4" Zone ultra atmosphérique. 


Le rapport attire également attention sur 
l'importance des observations et des mesures de 
la radio comme étant l'une des méthodes les plus 
puissantes et dont on puisse attendre le plus pour 
découvrir les propriétés des zones 8 ct 4. 


(1) Annexe I, p. 80. 


Le Prof" Kennelly expose l'organisation du Ser- 
vice des « Ursigrammes » français qui a débuté 
en décembre 1928 et cite les postes émetteurs de 
ces « Ursigrammes ». Il donne aussi des détails 
sur l'organisation -du service américain. L'auteur 
donne un code relatif à la hauteur de la couche 
ionisée et présenté au Comité National Britan- 
піди qui l'acceptera trés volontiers. 

L'aide importante fournie par le « Science 
Service » est signalée et je vous propose que la 
Commission IV suggère à l'Assemblée générale 
de prier M. le Prof’ Kennelly de présenter les très 
vifs remerciements de l'U. R. S. 1. au « Science 
Service ». Plusieurs membres de PU. R.S. I. 
savent que les organisations les plus importantes 
d'Amérique, aussi bien officielles que privées, 
fournissent des informations alimentant ce ser- 
vice. 

Le Prof' Kennelly signale également la publi- 
cation en « clair » des « Ursigrammes » améri- 
cains ce qui peut être trés utile. 

I] fait aussi remarquer que les informations 
fournies par le Comité National Britannique 
seront ajoutées aux « Ursigrammes » français, et 
seront transmises par des stations francaises pour 
des raisons exposées dans le rapport du Comité 
National Britannique (^. 

Le Prof' Kennelly suggère encore l'idée impor- 
tante que, pour les mémes raisons, toutes les 
autres informations cosmiques fournies par d'au- 
tres pays ne soient transmises que par les stations 
francaises. Ceci est un sujet qui devra étre dis- 
cuté par la Commission. Le professeur fait les 
mêmes suggestions pour l Amérique du Nord et 
celle du Sud, et peut-étre pour l'Australie. 

La Commission sera heureuse d'entendre les 
idées des délégués du Comité National Japonais 
au sujet de la proposition ayant pour but de join- 
dre le Japon à un tel service. 

Enfin, l'auteur signale qu'une réunion offi- 


(1) Annexe II, p. 8. 
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cieuse de la Commission IV a cu lieu à Stock- 
holm, à l'occasion de la dernière Conférence de 
l' « Union Géodésique et Géophysique Internatio- 
nale »; au cours de cette réunion on a discuté des 
sujets d'intérét commun à cette « Union » et à 
ГО. R. S. I. 

M. le Prof’ Kennelly m'a fait savoir qu'il serait 
à Paris et à Londres dans quelques semaines, et 
qu'il serait heureux de discuter les idées et les 
décisions de la Commission IV. 

Je désire adresser à M. le Prof' Kennelly les 
remerciements de la Commission IV pour le tra- 
vail que lui a demandé la rédaction de ce rapport 
si intéressant et si utile. 


Le Général Ferrié. — Le Comité National Fran- 
cais acceple de se charger du Service des Ursi- 
grammes, si en agissant ainsi, il peut faire œuvre 
utile, mais si un autre Comité National le désire 
le Comité National Français lui cédera la place. 


Le Président donne lecture du rapport du 
Comité National Britannique ('), puis du Projet 
d’Organisation d’Emissions d'Ursigrammes du 
Comité National Français (?). 


Le Commandant Bureau commente ce dernier 
document. 


Prof' Appleton. — Owing to the short time 
allowed between the reception of this paper and 
the present Assembly, 1 have not been able to 
study it, so I ask to the Members of the French 
National Committee if the French code is based 
upon the samc principles as the American one. 


Le Commandant Bureau. — Le principe en est 
је méme, les renseignements transmis seuls 


varient; c'est pourquoi les codes employés sont 
différents. 


Prof Appleton. — I thank you, it is all I wan- 
ted to know. 


Le Président donne ensuite lecture d'une pro- 
position du Comité National Britannique соп- 
cernant l'émission des Ursigrammes. 

Le Comité National Britannique est disposé à 
commencer immédiatement la radiodiffusion de 
ses rapports sur les centres d'observation des 
atmosphériques, et il propose de le faire par les 
postes anglais tous les samedis. Peut-étre qu'ainsi 


(1) Annexe II, p. 85. 
(2) Annexe III, p. 87. 


les émissions раг les postes francais pourront étre 

faites le lundi suivant. | 
Les positions seraient mesurées cinq jours par 

semaine (du lundi au vendredi), à 13 heures. 


Le Comité National Britannique est également 
disposé à entamer des mesures journalières sur 
la hauteur des couches. La hauteur sera mesurée 
cinq jours par semaine (du lundi au vendredi), 
à 12 heures, et les résultats seront envoyés le 
samedi à Paris. 

Les longueurs d'ondes utilisées seraient 80.ct 
170 métres, si cette derniére onde est jugée utile. 


Le Général Ferrié. — Nous allons avoir des 
émissions d'Ursigrammes en Europe et aux États- 
Unis, il serait utile d'en avoir également dans les 
aulres parlies du monde : au Japon, en Asie ct 
en Australie. 

Ces émissions devraient avoir lieu simultané- 
ment sur ondes longues et sur ondes courtes, 
ainsi qu'il est fait pour les signaux horaires 
(Pontoise sur 29 m. et Bordeaux sur 18,000 m.). 

J'ajouterai que si un pays d'Extréme-Orient 
voulait coopérer à ce travail, il nous apporterait 
des renseignements précieux. L'Observatoire de 
Zi-Ka-Wei pourrait-il collaborer à ce travail? 


Le R. P. Legay. — J'apporterai toute ma col- 
laboration à ce travail dans la mesure du possi- 
ble; c'est une question d'organisation. Je pour- 
rais transmettre les renseignements sur ondes 
courtes par la nouvelle station de Chang-Hai. 


Le Président sollicite M. le Prof' Nagaoka de 
prendre part à cette organisation. 


Prof Nagaoka. — Such a service would be 
very difficult to organize. А similar service for 
earthquakes was proposed, but we have so many 
that it would be difficult; and our radio stations 
have hardly an adequate range. The auroras 
have never been observed in Japan but troubles 
in radio wave propagation have been noticed. 


Le Président. — Le Comité National Japonais 
n'est pas en mesure de nous fournir des rensci- 
gnements, nous espérons cependant qu'il tiendra 
compte de notre désir. | 


Prof Nagaoka. — I promise to mention it to 
the Japanese Physical Commission and I hope 
that in a near future its cooperation will be 
obtained. 
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Le Président. — Pour étudier les phénoménes 
de « skip distance », on a organisé pour le mois 
de juillet de cette année, sous la direction de 
M. le Commandant Bureau, des essais de récep- 
tion des ondes de 4081-8162 et 9200 Kc/s émises 
par le poste de Paris (Eiffel) et de 5000 et 
11450 Kc/s émises par le poste de Lyon. 


Une trenlaine d'amateurs anglais prendront 
part à ces essais. ' 


Le Commandant Bureau. — Des expériences 
avec la collaboration des amateurs sont entre- 
prises depuis des années; il importe que les per- 
sonnes qui parlicipent à ces expériences soient 
nombreuses. En Grande-Bretagne, un appel de 
M. le Prof” Appleton a suscité 40 réponses. Pour 
la derniére série d'essais faite en France, nous 
avons pu réunir 285 collaborateurs de France et 
des autres pays. On s'est efforcé d'obtenir dans 
toutes ces expériences des renseignements sur 
les quelques points suivants : 

Variation diurne de la propagation des ondes 
courtes; étude s'étendant à la plus grande sur- 


face possible et grande densité d'observations 


grace à un grand nombre d'observateurs. Il faut 
toutefois s'assurer de l'exactitude des résultats, 
ce qui implique la nécessité de groupes de con- 
trôle. Chaque poste récepteur est alors à méme 
de tracer une courbe de variations diurnes. 
Les principaux résultats sont les suivants : 


а) Les points de réception forte, moyenne, ou 
nulle se groupent; 


b) Les zones de silence sont rarement circulaires 
mais souvent dissymétriques, et varient 
avec l'heure, avec l'onde et avec la journée; 

c) Des zones d'audition s'observent à l'intérieur 
de ces zones de silence; 

d) Les zones de silence sont plus importantes 
pendant la nuit que pendant le jour, mais 
il arrive qu'elles évoluent en sens inverse 
de cette règle (par exemple : qu'elles se 
rétrécissent à la nuit tombante); 

e) Les cartes qui peuvent être établies à l'aide 
des résultats permettent des comparaisons 
avec les carles météorologiques. 


On a pu ainsi mettre en évidence des relations 
entre la propagation et les phénomènes météo- 
rologiques. 


En conclusion, il serait désirable que dans 


l'avenir, on s'assure l'aide du plus grand nom- 
bre possible de collaborateurs (services officiels 
et amateurs). 


Le Dr. Lugeon. — La Pologne poursuit les 
mémes recherches, le poste de Varsovie, qui est 
très bien placé, s'offre à faire des émissions 
simultanées ou chevauchantes qui seraient ob- 
servées par le réseau d'écoute de M. le Comman- 
dant Bureau. 


Le Commandant Bureau. — П y a lieu de 
mettre à profit la proposition de M. le Dr. Lu- 
geon; il faut cependant préparer le programme 
à l'avance, deux mois sont nécessaires pour ce 


travail, je suis à ce sujet à la disposition de 


M. le Dr. Lugeon. 


Le Président. — Nous devons signaler l'impor- 
lance de l'étude sur l'influence de la répartition 
de l'ozone dans les couches atmosphériques 
des ondes. Nous pouvons signaler l'organisation 
inlernationale au sujet de l'ozone atmosphérique 
et déclarer que l'on doit étudier la réception et 
les modes de réception des ondes en vue de 
savoir si ces phénomènes sont influencés par les 
variations de l'ozone. M. le Dr. Austin dit ne pas 
avoir trouvé de corrélation sensible pour ce qui 
concerne les ondes longues. 

Quelqu'un a-t-il une remarque à faire à ce 
sujet? 

On provoque de temps en temps des explosions 
arlificielles pour étudier les propriétés de l'atmo- 
sphére au point de vue météorologique, je pro- 
pose à la Commission IV d'étudier à ces mémes 
moments, les propriétés électromagnétiques, à 
l'aide des différentes méthodes utilisées dans les 
stalions оп l'on étudie la réception de ces ondes. 


Prof Nagaoka. — It would be interesting to 
use for this purpose volcanic explosions as those 
of the Krokatoa, for their residues modify com- 
pletely the nature of the propagation medium. 


Le Président. — Je remercie M. le Prof 
Nagaoka de celte suggestion qui est originale el 
intéressante. 


Prof' la Cour. — The wish had been expressed 
that the times of these explosions would be in 
concordance wilh the stated days for the inves- 
ligations of the upper atmosphere. Those days 
are already fixed for next vear. 
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Le Commandant Bureau. — J'ai essayé d’obte- 
nir celle coincidence, mais elle n'est pas possi- 
ble pour toutes les observations. Toutefois, la 
mesure de la hauteur de la couche ionisée serait 
intéressante à réaliser ces jours-là. 


Le Général Ferrié. — Le Comité National Japo- 
nais pourrait peut-étre élaborer un programme 
pour l'étude de l'influence des éruptions volca- 
niques sur la propagation des ondes. 


Prof Nagaoka. — I will designate а Commis- 
sion to study such a program. There are other 
countries in the same situation as Japan, from 
an international point of view, it would be 
interesting to obtain their cooperation. 


Dr. van der Pol. — Actually I am not autho- 
rized to talk of the cooperation of the Dutch East 
Indias but I will enquire and see what can be 
done. 


Le Président. — Les membres du Comité 
National Наћеп peuvent-ils prendre cette remar- 
que en considération? 


Le Commandant Ruelle. — Je soumettrai la · 


question à mon Gouvernement. 


Le Dr. Lugeon. — L'Union Géodésique et Géo- 
physique Internationale a voté à Stockholm cn 
1930, une résolution relative à l'enregistrement 
des ébranlements acoustiques dûs aux explosions 
des mines de fer en Suède. Ces enregistre- 
ments seraient heureusement complétés par des 
mesures de l'altitude des couches ionisées par 
les procédés radioélectriques faites aux mémes 
moments. Pour avis aux expéditions de l'Année 
Polaire séjournant dans le Nord de la Norvége. 


Le Président. — On a discuté dans d'autres 
Comimissions et au cours d'une réunion offi- 
cieuse de la Commission IV, ce sujet qui a unc si 
grande importance pour les études physiques de 
notre globe : l'Année Polaire. 

On choisira au cours de la séance finale de 
l'Assemblée générale, une Commission spéciale 
qui sera chargée d'organiser les observations des 
transmissions radioélectriques au cours de cette 
année polaire et il convient que la Commis- 


sion ЈУ nonime un délégué pour cette Commis- 
sion. 


Dr. van der Pol. — 1 propose to delegate 
Dr. Watson Wat. 


Prof la Cour. — l agree with this proposition. 
Cette proposition est adoptée aux applaudisse- 
ments de la Commission. 


Le Général Ferrié. — Nous devons aussi son- 
ger à un autre travail utile qui se fera en octo- 
bre 1933. A cette époque on procédera à une 
revision internationale des longitudes. Un grand 
nombre d'observatoires enregistreront des si- 
gnàux transmis sur ondes courtes; il serait inté- 
ressanl de profiter de ces enregistremenis qui 
pourront fournir des résultats intéressants sur 
plusieurs points que nous étudions, notamment 
la vitesse de propagation. Les Comités Nationaux 
pourraient étudier cetle question et avertir le 
Secrétariat Général afin que ces observations 
puissent étre organisées. Peut-étre vaudrait-il 
mieux avertir le Président de la Commission IV 
qui pourrait préparer је travail. 


Le Président. — Pourquoi a-t-on choisi le 
mois d'octobre 1933? 
Le Général Ferrié. — Cette opération a déjà 


été faite еп 1926 et a donné des résultats de 
grande précision. Elle a pour but de déterminer 
les positions géographiques intéressantes et, 
éventuellement, les déplacements des conti- 
nents. Il est utile de faire ces déterminations 
périodiquements, tous les sept ans. 

En 1932, se réunit également l'Union Astro- 
nomique Internationale pour décider des mé- 
thodes à suivre en 1933. 

On a choisi le mois d'octobre parce que c'est 
à cette époque de l'année que le ciel est le plus 
favorable à l'observation et cela pour la majo- 
rilé des observatoires. 


Le Président. — Je prie donc les Comités 
Nalionaux d'étudier cette question et de tenir le 
Président de la Commission IV au courant de 
leurs décisions. 


La séance est levée à 18 h. 15. 
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ANNEXES. 
|. — Report of Commission IV on « Liaison », IIl. — Comité National F rançais. — Pro- 
for the period between the General Mee- jet d'organisation d'émissions | d'Ursi- 


tings of 1928 (September 10-15th, at 
Brussels) and 1931 (May 27th, at Copen- 
hagen). — A. E. KENNELLY. 

П. — British National Committee. — The 


Present State of Liaison Work in Great 
Britain. 


ANNEXE I. 


grammes faites par les postes radiotélé- 
graphiques français sous les auspices 
du Comité Français de Radiotélégraphie 
Scientifique. 


REPORT OF COMMISSION IV ON « LIAISON », OF THE U.R. S. ., FOR THE PERIOD 
BETWEEN THE GENERAL MEETINGS OF 1928 (SEPTEMBER 10-15*", 
AT BRUSSELS) AND 1931 (MAY 27", AT COPENHAGEN). 


The attention of the Commission has been 
mainly devoted to the international radio 
exchange of cosmic data regarded as capable of 


alfecting the propagation of radio waves over . 


the surface of the globe. 

Lhe intensity of electromagnetic wave signals, 
received from distant parts of the world, is 
believed to be affecled by a number of cosmic 
influences, which, for convenience, may be 
divided into four groups, by zones concentric 
with the globe : 


» 
~ 


(D TERRESTRIAL ZONE. 


Influences at or near the earth's surface, both 
above and below it, such as topographical con- 
figuration, forestation, structures and buildings 
above ground, as well as the physical condition 
of the surface water, soil, or rock, and the dis- 
tribution of geological chemicals and moisture 
immediatly below the surface. 


(П) Lower ATMOSPHERIC ZONE. 
Meteorological influences in the lower atmos- 
phere or troposphere, including atmospheric 
electric disturbances. 


(Ш) Upper ATMOSPHERIC ZONE, 
Upper atmospheric influences at elevations 
from say 10 Km. to 500 Km. above the earth, 
and the effects of ionised gases forming absor- 


bing, refracting or reflecting layers, including 
auroras. 


(IV) ÜLTRA ATMOSPHERIC ZONE. 


Influences outside of the earth's atmosphere, 
such as solar activities. 

In the opinion of many observers, radio 
researchs offer the most hopeful means of dis- 
covering the nature and properties of zones Ill 
and IV, as well as of their influences upon radio 
transmission. 

At the Brussels meeting of September 1928, 
the recommendation was expressed that radio- 


. broadcasts concerning geographical and astro- 


physical phenomena, possibly capable of affec- 
ting the propagation of radio waves, should be 
emitted daily from a certain small number of 
radio transmitting stations, so as to permit spe- 
cialists to become speedily informed concerning 
the same. 


French Ursigram. 


On December 1st 1998, the French authori- 
lies commenced emitting a daily radio-bulletin 
or Ursigram from the Eiffel Tower at Paris, in 
plain (uncoded) French language, through inter- 
national Morse code. For this important scien- 
lific innovation of the daily Ursigram, we are 
iudebted to the efforts of our U. R. S. I. Presi- 
dent, General Ferrié. 
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The French Ursigram (') has continued to be 
appended at the end of a daily meteorological 
bulletin. It was issued under the joint auspices 
of the « Institut de Physique du Globe, de 
Paris », of the Astronomical Observatory of 
Meudon, and of the « Office National Météoro- 
. logique de Paris ». It is composed of two 
parts : 

a) Geophysical part, concerning terrestrial 
magnetic field variations and atmospheric elec- 
tric field variations as observed each morning at 
the « Val Joyeux » Observatory in Seine-et-Oise, 
a few kilometres from Versailles; 

b) Astrophysical part, concerning the activity 
of sunpots, faculae and protuberances as obser- 
ved each morning at the Observatory of Meudon, 
near Paris. 

These Ursigrains have been emitted daily from 
FL E (Eifel Tower) Paris at 11 : 20 G. M. T. C) 
on the frequency of 207.5 Kc/s or À = 1,445 m. 

The American section of Ше U. R. S. L., fin- 
ding that these FEifel-lower Ursigrams were 
frequently so faintly received as to be illegible 
in the United States, asked the French autho- 
rithies if it would be possible to have them repea- 
ted daily from the powerful French radio station 
Lafayette (F Y L) near Bordeaux, which operates 
on the frequency of 15.7 Kc/s ( = 19,100 m.). 
The French responded very courteously to this 
request, and after February 1st 1930, the FLE 
Ursigrams were repeated from FYL at 20 : 30 
G. M. T. They were also repeated daily, at the 
same hour, from a short-wave station F LJ (Issy- 
les-Moulineaux) near Paris on the frequency 
9225 Kc/s (A = 32.5 m.). 

Since January Ist 1931, the daily. French 
Ursigram service has been maintened from the 
following stations : 


Frequency Wave 
Station. Location. Kc/s. Length m. S. M. T. 
FYL Lafayette, Bordeaux 15.7 19100 20 : 30 
FYB Paris-Pontoise 10581 28.35 20 : 30 


(near Paris). 


Ursigram transmissions from FLJ and FLE 
have been suspended. 

The following is a sample French Ursigram 
from FYL, as recorded by a U. 5. 


(1) For particulars concerning the French Ursigram the 
writer is indebted to the office of General Ferrié and the 
Office National Météorologique. 

(2) G.M.T. means Greenwich Mean Civil Time. 


Navy recei- 


—Ó—M— — 


ving slation for January 14th 1931, and as 
repeated by Science Service (Research Announce- 
ment No. 36 of January 20th 1931). 


Bulletin astrophysique du 14 janvier. — Acti- 
vité tache nulle, activité faculaire faible. — 
Activité protubérance faible. 

Bulletin géophysique du 14 janvier. — L'acti- 
vité magnétique est calme, le champ élec- 
trique est très agité. — Le gradient du 
polentiel est trés variable. 


American Ursigram. 


Commencing on August lst 1930, a daily 
Ursigram service was opened from the Џ. S. 
Navy radio station NAA Washington D. C. It 
has been continued every day since that date, 
under the auspices of « Science Service », 21st 
and B Streets (National Academy of Science 
Building) Washington D. C. Data for the Ursi- 
grani are contributed by the U.S. Coast and 
Geodetic Survey (Magnetic), the Mt. Wilson 
Observatory and U. S. Naval Observatory (suns- 
pots), the Smithsonian Institution. Astrophysi- 
cal Observatory (solar constant) and other scien- 
tific bodies. These data are transmitted daily 
lo « Science Service » Washington, over the 
U. S. Army radio net. « Science Service » 
assembles them and delivers them to the U. S. 
Navy Department, whence they are emitted by 
NAA on schedule time. 

From August 1st 1930 to December 31st 1930, 
the American Ursigram was transmitted from 
NAA on a frequency of 16,060 Kc /s (.— 18.68 m.) 
at 21 : 00 G. M. T. as an addition to a weather 
message directed at F Y L (Lafayette station near 
Bordeaux). Since Januay 1st 1931, the trans- 
mission has been at 22 : 00 G. M. T. (5 p. m. 
Eastern. Standard Time) on two frequencies 
simultaneously; namely, 12,045 Kc/s and 4,015 
Kc/s (4 = 24.9 m. and À = 74.7 m). 


Example of an American Ursigram. 


The following example is given by « Science 
Service » (°) as an example of an Ursigram emit- 


ted daily by NAA : 
URSI SOL 79333 MAG 1535X 08407 
SUN 10314 SCIENSERVC. 


(!) American Ursigram Code explained in Science Service 
Research Announcement, No. 6, of July 24th 1930. 


` 
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The Ursigram contains 9 groups of signals. 
The first (URSI) is the distinguishing group at 
the beginning of the message. The last is the 
slightly abbreviated signature of Science Ser- 
vice, this name « Scienservc » is also the cable 
address of « Science Service » Washington D. C. 

There are three sets of data in this message : 


1. The Solar Thermal Constant for the day 
(SOL 79333) as reported by the Astrophysical 
Observatory of the Smithsonian Institution from 
the average values of its observers at Montezuma 
Station, Chile. 

2. The Terrestrial Magnetic Data for the day 
(MAG 1535X 08407) as supplied by the U. 5. 
Coast and Geodetic Survey, from its observa- 
tory at Tucson Arizona (Lat. 38^14.8' N., Long. 
110°50.1’ W.), for the period of 24 hours prece- 
ding 14 hours G. M. T. of the Greenwich and 
local day of the week as given by the first letter 
of the group 1535 X. 


3. The Sunspot Data for the day (SUN 10314), 
as furnished by the Mount Wilson Observatory, 
of the Carnegie Institution of Washington, at 
Pasadena California from observations made at 
about 16 hours G. M. T. (7 a. m. Pacific Stan- 
dard Time) or as soon thereafter as weather 
permits. 


Code used for SOL, the Solar constant. 


One group of five figures (79888). 

The first figure (7) indicates the day of the 
week reported for. In the example cited it was 
the seventh day or Saturday. 

The second, third, and fourth figures (988) 
signify the decimal part of the constant in 
excess of unity. ‘The thermal constant reported 
is thus 1.988 gram-calories per normal sq. cm. 
per minute received on the earth's surface, at 
the mean distance from the sun if the atmos- 
phere was heat transparent or non-absorbent. 

The fifth figure (3) indicates the nature of the 
observation reported, according to the following 
scale : 

3 Satisfactory; 
5 Not quite satisfactory; 
7 Unsatisfactory. 

The Sol group in the above example thus 
means Saturday, total intensity 1.933 gm. cal 
per sq. cm. per minule, satisfaclory. 
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Code used for MAG, the terrestrial 
Magnetic Data. 


One, two, or three five-number groups may 
be used. ln the example, two (1535X 08407). 


FIRST GROUP. 


First figure (1) indicates the day of the week, 
here Sunday. 

Second figure (5) indicates the magnetic char- 
acter of the day according to the following 
scale : 

3 Quiet day; 
9 Day of moderate disturbance; 
7 Greatly disturbed day. 

In the case cited, the day was of moderate dis- 

Lurbance. 


Third figure (3) indicates the nature of the 
disturbance according to the following schedule: 


3 Day inarked by a « bay disturbance » (!) 
(lasting only an hour or so), i. e. a. depar- 
ture from the normal curve in one direc- 
tion only. 

9 Day marked by rapid pulsations. 

7 Day marked by long-period pulsations 
or oscillations. 

9 Day marked by irregular oscillations. 

X Signal for an unused or blank number. 

In the example, the day had a bay disturbance. 
Fourlh figure (9) indicates that the second 
group (08407) to follow, gives the time of : 

3 Beginning of disturbance. 

9 End of disturbance. 

7 Beginning of disturbance, with end given 
in third group. 

A Not used. 

In the example, the group to follow supplies the 
time of the end of the disturbance. 

Fifth. figure not being subject to use is repla- 
ced regularly by X. 


SECOND GROUP. 


Second group (08407) gives Greenwich mean 
time of beginning or ending of disturbance, as 
indicated by the fourth figure of the preceding 
or first group. (If there is a beginning and end 
on the same day, a third group will give the 
time of ending.) 


(1) Resembling a bay indentation in an otherwise straight 
geographical coast line. 
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First and second figures (08). 
ded by zero if less than ten. 

Third and fourth figures (40). 
ceded by zero if less than ten. 

Fifth figure (7). Tenths of minutes, in the 


Hours, prece- 


Minutes, pre- 


case of a sudden commencement of а disturb- . 


ance. Other times will be given to whole 
minute only, and X will replace the fifth figure. 
In the example, 08407 means that the disturb- 


ance time was 08 : 40.7 G. M. T. and this was | 


the end of the disturbance according to the 
fourth figure (5) of the preceding group. 


Code used for SUN, the Sunspot Data. 
This is a single group of five figures (10314). 
The first figure (1) indicates the day of the 

week, in this case Sunday. 
The second and third figures (03) indicate the 
total number of groups of sunspots, preceded by 


zero if less than ten. In this case, there were 
three groups of spots. 


Fourth and fifth figures (14) indicate total 
number of spots, preceded by zero if less than 
ten. In this case there were 14 spots in all. 


Proposed Additions to the American Ursigram. 


It is proposed to add certain new cosmic data 
to the daily American Ursigram, as soon as the 
arrangements now being made for the observa- 
tion of the data and their regular transmission 
to « Science Service » shall have been comple- 
ted. These new data relate (А) to Aurora Вогеа- 
lis and (B) to measurements of the apparent 
height of the ionised layer or layers in the upper 
atmosphere. 


A. — Aurora Borealis Observations. 


The Alaska Agricultural College and School of 
Mines is situated at College, Alaska, in approxi- 
mate Lat. 64.8° N., and Long. 147.7? W., about 
8 Km. North of Fairbanks Alaska. 

This college is thus within 2° of the Arctic 
Circle; but it can ordinarily be reached, by 
regular transportation, at any time of year. The 
department of Physics of this College is equipped 
for the observation of auroras, for a limited 
period, under a grant from the Rockfeller Foun- 
dation. Such observations are more effective 
during winter months. 


The following code has been prepared in 
advance for the Ursigram transmission of au- 
roral observations from College Alaska, subject 
to such modifications as experience may render 
necessary. 


Example of a Bulletin on auroral observation 
AUR included in an Ursigram. 


AUR 15082, 25355, 57817. This consists of 
the index three-letter group AUR to show 
that the next group or groups relate to 
Auroras. There follow in this case 3 groups 
of 5 numbers each. 


FIRST GROUP. 


First figure (1) shows the day of the week as 
in all the American Ursigram Bulletins. In the 
case considered, this was Sunday. 


Second figure (5) indicates the auroral charac- 
ter of the day according to the following scale : 


0 No aurora observed; 

1 Faint; 

3 Moderate: 

5 Strong; 

7 Brillant; 

9 No observations, or no observations pos- 
ble on account of cloudiness. 


In this case, there was a strong aurora. 


Third and fourth figures (08) indicate the 
number of hours in which aurora was present, 
preceded by zero if less than 10. In this case 
it was present for eight hours. 


Fifth figure (2) indicates cloudiness on the 
scale 0, 1, 2... 9, X; 0 indicates no clouds, and 
X a completely overcast sky. In this case there 
was slight cloudiness. 


SECOND GROUP. 


First figure (2) indicates the form of aurora : 
6 Homogeneous quiet arcs without ray-structure. 
1 Homogeneous bands — — 
2 Pulsating arcs — — 
3 Diffuse luminous surface — — 
4 Pulsating surfaces — — 
5 Feeble glow --— — 
6 Varied forms — — 
7 Flaming aurora — — 
8 Varied and flaming — — 


In this case there were pulsating arcs without 
rays. 


Second figure (5) indicales the form of aurora: 


0 Arcs with ray structure. 
1 Bands Е - 
2 Draperies Sas Lt 
3 Rays = = 
4 Corona ae 22 
5 Varied forms 25 = 
6 Flaming aurora P == 
7 Varied and flaming = P» 


Third figure (3) indicates the maximum area 
of sky covered by aurora on a scale 1-5, 5 repre- 
senting a sky completely covered by aurora. 
In this case, the sky was three-fifths covered at 
maximum display. | 

Fourth and fifth figures (55) indicate average 
altitude of aurora in degrees. In this case it 
was 55°. 

THIRD GROUP. 


First, second and third figures (578) indicate 
general position of aurora, combinations being 
reckoned for included position in clockwise 
direction : 0 South, 1 S. W., 2 W., 3 N. W., 
4N.,9N.E., 6 E, 7 S. E., 8 Zenith, 9 Whole 
sky. In this case, the display was from north 
cast to south cast to zenith. 


Fourth and fifth figures (17) indicate the 
(G. M. T.) Greenwich Mean Time (preceded by 
zero if less than 10), of the observed greatest 
display, in the 24 hours preceding the time of 
filing report. Jn this case, the maximum was 
at 17 hours G. M. T. The regular hour of daily 
filing is not yet announced. 


B. — Measurements of apparent height of the lonised Layer, 
at a definite site, time and frequency. 


А code for embodving these measurements has 
been drafted and submitted to the British Na- 
tional U. R. S. I. Committee for consideration, 
since it is hoped that the British Committee will 
be able to employ the same code for observa- 
tions in Great Britain. The matter is still under 
consideralion; but may be decided before this 


report is printed, in which case it may be inclu- 
ded. 


Collection and Distribution of American 
Ursigrams. 
Science Service compiles a weekly mimeogra- 
phed sheet of American. Ursigrams in coded 
form, as issued during the preceding calendar 
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week from NAA, and also the French Ursigrams 
received from FYL during the same period. 
Science Service dislributes a limited number of 
these mimeographed weekly sheets by mail, on 
request. The sheet issued on February 10th, 
covering Ursigrams sent and received during 
the week Februarv 1st to 7th is numbered 39. 


Publication of American Ursigrams. 


Commencing with the December 1930 num- 
ber, Terrestrial Magnetism and Atmospheric 
Electricity, an International Quarterly Journal 
(conducted by Louis A. Bauer and J. A. Fleming, 
published under the auspices of the Johns- Hop- 
kins Press, Baltimore, Maryland, U. 8. A., Lon- 
don Agents, E. G. Allen & Son, Ltd., 14 Grape 
Street, London W. C. 2) prints a quarterly Table 
of the contents of American Ursigrams (MAG, 
SUN and SOL) in decoded form, from material 
collected at the Department of Terrestrial Magne- 
tism, Carnegie Institute of Washington, Wash- 
ington, D. C. The first publication appears on 
pages 252 and 253 of No. 4, Volume 35 (Dec. 
1930) covering the quarter Ist August-31st Octo- 
ber 1980. 4 preliminary announcement of the 
code to be employed appeared on pages 184-185 
of the same quarterly Journal in No. 3, Vol. 35 
for Sept. 1930. 


Proposed British Ursigram. 


A weekly Ursigram from the British Commit- 
(ее has been under contemplation, covering 
measurements of the apparent height of the 
ionised layer, and apparent positions of sources 
of atmospheric electrical disturbances, to be 
emitted in code weekly from French Ursigram 
radio transmitting stations. It is hoped tha! 
this program may be put into operation as soon 
as arrangements for making, collecting, and 
transmitting the data shall have been completed. 

It seemed desirable to the Liaison Committee 
that cosmic data collected in Europe should be 
emitted if possible through the French Ursi- 
eram stations only, because, if each country m 
Europe should emit Ursigrams through its own 
local radio stations, the difficulty of receiving. 
recording and collecting the data Would be much 
greater than if all countries communicated their 
dala to ђе emitted once each day from the 
French station or stations, 
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So 


In a similar manner, cosmic data observed 
in either North or South America should be 
emitted from a single American radio station 
or group of associated stations. At present the 
U.S. Navy station of NAA near Washington D.C. 
performs that function. It is hoped to include 
later, data from Carnegie Institution Observa- 
tories at Huancavo Peru, and perhaps Watheroo, 
Western Australia. 

It would be desirable at a latter period to have 
a radio station in Easlern Asia emitting Ursi- 
grams for the Asiatic continent, in such a 
manner as to link up with cosmic data observa- 
tion and emission in Europe and America. The 
growth and development of a scientific broadcas- 
ting service of this kind under the auspices of 
the U. R. 5. 1., can опју be expected to occur 
as each element in the system justifies its exis- 
tence and revcals its utility in providing speedy 
information of a kind that is serviccable to the 
science and art of radio transmission. 


Meetings of the Liaison Commission. 


An unofficial and informal meeting of the 
Liaison Commission was held in Stockholm on 


ANNEXE II. 


the 18th and 19th August 1930, in conjunction 
with and by kind permission of the General 
Meeting of the International Geodetical and 
Geophysical Union being held in Stockholm at 
that time. Several officers of the U. R. S. I. 
and a number of representatives of astronomy, 
geodesy and geophysics attended these informal 
meetings and joined in discussions on subjects 
of common interest to these various sciences. 
The status and development of the Ursigram ser- 
vice was outlined. The phenomena of delayed 
radio echoes were described by Dr. Stoerer, who 
cave an outline of his well-known theory for 
their explanation. 

several mectings of the U. S. National Com- 
mitlee on Liaison (Cooperation) have been held, 
in Washington D. C., at which the progress of 
Radio Liaison in general, and of Ursigram ser- 
vice in particular, have been discussed. 


A. E. KENNELLY, 


Chairman of Commission IV. 
21st February 1931. 


Harvard University. Cambridge Mass. U. S. A. 


British National Committee. 


THE PRESENT STATE OF LIAISON WORK IN GREAT-BRITAIN. 


One of the original reasons for the appoint- 
ment of Commission IV on Liaison, was to cor- 
relate the work of amateurs and to afford them 
such assistance as might be found practicable 
for experimental work of value. 

At the meeting at Brussels in 1928 the British 
representatives stated that, in connection with 
various phenomena, attempts had been made in 
a definite and official manner to obtain assis- 
tance from атагешћ, but, in general, the results 
had been verv indefinite and had led to little 
useful result. Experience showed, however, 
that valuable results had been obtainable, if 
carefully chosen individuales were given definite 
duties with suitable apparatus. In this manner 
a number of amateur observers had recorded 
the strength of the reception from certain trans- 


milling stations during the various phases of 
the tolal eclipse of the sun which occurred in 
England in 1927, and very useful and sugges- 
tive results had been obtained. The study of 
radio transmission, however, has entailed in an 
increasingly essential manner the use of quan- 
titative measurements which are very seldom at 
the disposal of amateurs. lt was therefore sug- 
gested that, as far as could be seen, efforts to 
obtain such assistance would not be likely to 
be repeated in England. 

The type of liaison which could be more satis- 
factorily pursued would be the bringing to the 
notice of physicists and geophysicists and meteo- 
rologists those aspects of radio transmission 
which were of special interest to them, and 
which they might be expected to interpret in a 
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manner useful for the study of the physics of 
radio transmission. The British National Com- 
mittee has members on it closely associated with 
these subjects; and in addition the members of 
the British Radio Research Board and its various 
Committees include an additional number of 
persons of similar standing. Several of the 
members of the British National Committee are 
closely associated with the work of the Radio 
Research Board by being members of the Board 
or of its Committees. 

The British National Committee has discussed 
al some length the subject of what they could 
usefully contribute to work and information of 
a liaison character; and they have had the advan- 
tage of a discussion of the subject with Prof” 
Kennelly, Chairman of the International Liaison 
Commission. Prof” Kennelly suggested the re- 
gular distribution of information of a cosmical 
physical character, which is or may be closely 
associated with the physics of radio trans- 
mission. He described the information and 
methods which had been recently adopted by 
the French and American organisations and 
gave details of the services which were being 
provided by « Science Service ». Among the 
phenomena which he suggested for considera- 
tion, and the study of which had been specially 
developed in England, were information as to 
the active upper (Kennelly-Heaviside) layer and 
the geographical position of important sources 
of atmospherics. 

As to the method of distribution of informa- 
tion by radio, the British Committee came to the 
decision that in view of the difficulty of adding 
further information to the weather reports, etc., 


ANNEXE III. 


which were already as long as could be dealt 
with, and on account of administrative and 
other difficulties, they could not advise such 
information being distributed by radio from 
Great-Britain. They would, however, be glad 
to send any information to France, which they 
might decide that they could supply, if the 
French organisation would accept it and it to 
the information of a cosmical physical character 
which is transmitted by radio from various 
French stations. As a result of enquiries by 
the Liaison representative of the British National 
Committee, information has been received from 
France that they will be glad to afford such 
facilities, a decision which is very greatly 
appreciated. 

Though information on the subjects named 
are those which the Committee considers they 
can most usefully supply to the common stock 
of information specially associated with radio 
physics, a defininite decision has not yet been 
possible, in view of the various administrative 
details which: will have to be decided, including 
the collection and transmission of the informa- 
tion involved. | 

The National British Committee considers that 
the continuation of any provision of informa- 
tion by Great-Britain is to be regarded as being 
subject to the proviso that after a period of 
perhaps a year definite information should be 
submitted by the National Committees of other 
countries that the information has been of real 
value in assisting the study of geophysical and 
radio sciences. 

Dr. E. H. Rayner, 
7th March, 1931. 


Comité national francais. 


PROJET D'ORGANISATION D'ÉMISSIONS D'URSIGRAMMES 
FAITES PAR LES POSTES RADIOTÉLÉGRAPHIQUES FRANÇAIS SOUS LES AUSPICES 
DU COMITÉ FRANCAIS DE RADIOTÉLÉGRAPHIE SCIENTIFIQUE. 


Les émissions dont il s'agit sont destinées à 
remplacer les Bulletins de géophysique qui sont 
actuellement transmis en langage clair par les 
stations radiotélégraphiques de Bordeaux et de 
Pontoise, ainsi que par le poste radiotélépho- 
nique de la Tour Eiffel. 


La station de la Tour Eiffel (radiotéléphonie), 
ondes de 1,445 m. continuera à envoyer en lan- 
gage clair le Bulletin géophysique et astrophy- 
sique. 

Outre l'envoi de l'Ursigramme, les stations de 
Lafayette (radiotélégraphie, ondes de 18,900 m.) 
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et la station de Pontoise (radiotélégraphie, ondes 
de 28 m. 50) enverront journellement un groupe 
de lettres servant à des études sur la propaga- 
tion. 

Le programme de ces diverses émissions sera 
le suivant : 

20 h. 06’ Greenwich, fin de l'émission des 
signaux horaires; 

20 h. 10’ à 20 h. 15’, signaux pour l'étude de 
la propagation. Émission de la lettre e .. — .. et 
d'un groupe de lettres de contróle; 

20 h. 15', Ursigramme. 

Les Ursigrammes envoyés par les postes de 
Lafavette et de Pontoise comporteront : 


1° Un Bulletin météorologique très condensé 
et établi par les soins de l'Office National Météo- 
rologique; 

2° Un Bulletin géophysique donnant des ren- 
seignements sur l'état magnétique du globe et 
l'état électrique de l'atmosphère. Ce Bulletin 
sera établi par l'Institut de Physique du Globe 
de Paris d'aprés les relevés effectués à l'Obser- 
vatoire du Val Joyeux (Seine-et-Oise) ; 

3° Un Bulletin astrophysique relatif à l’acti- 
vité solaire telle qu'elle se manifeste d'aprés 
l'observation des taches, des protubérances, des 
filaments (protubérances observées en projec- 
tion) et des facules. 

Ce Bulletin sera établi d'aprés les observations 
faites à l'Observatoire de Meudon. 

Le schéma général des Ursigrammes sera le 
suivant : 

URSI 


URSI URSI 


B. A.R. 
Terte du Bulletin Météorologique. 


| M. A.G. 
Terte du Bulletin relatif à l'état magnétique. 


E. L.C. 


Terle du Bulletin relatif à l'électricité 
atmosphérique. 


C. A. M. 


Terte du Bulletin relatif aux phénomènes 
solaires. 


‘Les projets de code relatifs à chacun des Bul- 
letins sont donnés ci-après. 


Il est prévu que ces messages seront complétés 
ultérieurement par : 


a) Des renseignements relatifs à la localisation 
des centres de production des atmosphé- 
riques et à leur nature; 


b) Par la valeur des hauteurs trouvées pour la 
couche Kennelly-Heaviside à une heure don- 
née pour une fréquence donnée; 


c) Par des renseignements sur les aurores po- 
laires observées. 


Des démarches ont été effectuées auprés du 
Comité National Britannique pour qu'il veuille 
bien fournir les éléments nécesaires à la rédac- 
tion des messages (a) et (b), et auprés du Comité 
National Norvégien et du Prof' Stórmer pour 
obtenir les renseignements devant faire l'objet 
du message (c). 


ANNEXE 1. 


PROJET DE CODE POUR LE BULLETIN MÉTÉOROLOGIQUE QUOTIDIEN (B A R). 


Ces messages seront des messages de situation 
générale sur la zone de l'hémisphére Nord, com- 


prise entre 80 et 70° N., de 75" W. et 0". 


La forme symbolique des messages de situa- 
tion sera la suivante : 


Lignes isobares 1015 mb. X LL 11 XLL 11 
XIL11 ХО, 11 
Zones de basses pressions. 71411 QQQ 
ou 7LL11 QQQQ 
Zones de hautes pressions. 9LL11 0000 


A. — Lignes isobares 1015 mb. 


Cette partie du message comprend une ou 
plusieurs séries de groupes de cinq chiffres. 
Chaque série indique une portion continue d'une 
ligne isobare 1015 mb. Elle a la forme XLL 11, 
XLL11, XLL 11... 


Le premier chiffre X des groupes de cinq chif- 
fres est un simple numéro d'ordre de la ligne 
isobare qui est décrite en laissant toujours les 
hautes pressions à droite. Les quatre autres chif- 
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fres LL 11, donnent les coordonnées des divers 
points de la ligne (latitude et longitude). 

Lorsqu'il est impossible de trouver une ligne 
1015 mb. dans la zone précitée, on donnera les 
coordonnées d'une autre ligne isobare, dont la 
valeur sera indiquée en clair au début du mes- 
sage et de part et d'autre de laquelle les minima 
et maxima de pressions seront indiqués. 


B. — Zones de basses pressions. 


La forme de cette partie du message est la sui- 
vante : 


711.11 000 ou 7 LL 11 0000 


Те chiffre 7 est un chiffre indicatif, qui a lui 
seul signifie zone de basses pressions. 

Les quatre chiffres suivants du premier groupe 
donnent les coordonnées de la zone de basses 
pressions (latitude et longitude). | 
· Les trois ou quatre chiffres constituant le 
deuxième groupe QQQ ou QQQQ donnent la 


valeur du centre de basses pressions en millibars 
entiers. 


Les séries 7 LL 11 QQQ (QQQQ) peuvent étre 
répétées autant de fois qu'il v a de centres dépres- 
sionnaires à indiquer. 


C. — Zones de hautes pressions. 


L'aspect de la forme de cette partie de mes- 
sage est identique à la partie précédente : 


9LL11 0000 


Le chiffre 9 est un chiffre indicatif, qui a lui 
seul signifie zone de hautes pressions. 

Les quatre chiffres suivant du premier groupe 
donnent les coordonnées de cette zone. 

Les quatre chiffres du deuxiéme groupe don- 
nent la valeur en millibars entiers de la zone de 
hautes pressions. 


15775-15065-14555-14352-14550-15240- 
15730-16020-16210-16300. 
23502-24000-24702-24310-23715-23020. 
15352-985. 

76030-1010. 

73412-1005. 

94530-1037. 

94072-1038. 


ANNEXE 2. 


PROJET DE CODE POUR LE MESSAGE QUOTIDIEN RELATIF AUX PHÉNOMÈNES 
MAGNETIQUES ET ÉLECTRIQUES (M A G). 


L'Ursigramme magnétique comprend deux groupes de cinq chiffres désignés symbolique- 


fghij. 


i 1 Dimanche, 2 Lundi, 3 Mardi, 4 Mercredi, 5 Jeudi, 6 Vendredi, 


| 7 Samedi. 


0 calme absolu. 


9 pas d'observation faite. 


1 presque calme. 
2 un peu agité. 


ment par : 
abcde 
а = jour de la semaine 
b = caractère du jour d’après l'ensemble ) 3 agité. 


des 3 composantes. 


4 très agité. 


15 perturbation modérée. 
6 forte perturbation. 
, 7 trés forte perturbation. 
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1 ou 5 = encoche unique (fig. 1). 
с = détails remarqués sur les courbes d'en- ' 2 ou 6 = -pulsations rapides (fig. 2). 
registrement. 3 ou 7 = longues périodes ou oscillations (fig. 3). 


1, 2, 3, 4, concernent la déclinaison (ou Y).| 4 ou 8 = oscillations irréguliéres (fig. 4). 
5, 6, 7, 8, concernent la composante hori- 0 journée ne présentant pas ces caracteres. 
zontale (ou X). 


9 = pas d'observation faite. 
! Nota. — Lorsque plusieurs phénomènes se présentent dans la 
On choisira la plus caractéristique des deux / méme journée : encoche, pulsations rapides, etc., on indi- 
composantes. : quera seulement celui qui paraitra le plus important. 


Remarques : Dans le cas d'un phénoméne ayant débuté en des 
| jours précédents, on notera: d = 8, e = 8, f = 8, 0 = 8. 


d e = heures. S'il n'y a pas d'observation faite, on notera : d = 9, e = 9, 
f= 9, g = 9. 
fg = minutes. La notation 9 9 9 9 s'emploiera également dans le cas оп Jes 
(Heure du début du phénoméne.) courbes ne manifestent pas de perturbation et de manière 
| plus générale, quand on ne peut pas déterminer de début 
suffisamment net. 


a tran Рај УН 


FIG. 1. FIG. 2. 


= début brusque. 

= début vague. 

— pas de début visible (impossible d'indiquer d'heure). 
— début ayant eu lieu en des jours précédents. 


1 
2 
3 
8 
| 9 — pas d'observation faite. 


h = netteté du début 


La notation 9 s'emploiera aussi dans le cas oü les courbes ne 
manifestent pas de perturbation. 


edili m "Uv 


FIG. 3. З FIG. 4. ` 


і) = 88 quand le рћепотепе ne semble pas encore terminé 


Exemples : i j = 05 = fin vers 5 heures; 
| dans la journée envisagée; 


i j = heure approximative de la fin pré- 


sumée du phénoméne (comptée de; 1] = 99 = pas de détermination faite. 

0 à 24 heures). 99 s'emploiera également dans le cas oü les courbes ne mani- 
festent pas de perturbation et dans le cas oü la fin est 
imprécise. 

EXEMPLE. 
Observations magnétiques du mardi 24 février 1931. 
МАС 
35204 14188 
Traduction. — Mardi, perturbations modé- horizontale. Début des pulsations, 4 h. 14. Début 


rées, pulsations rapides sur la courbe de décli- brusque. 
naison. Aucune particularité sur la composante Le phénoméne n'est pas termnié le mardi. 
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ANNEXE 3. 
(E L C) 


L'URSIGRAMME D'ÉLECTRICITÉ ATMOSPHÉRIQUE COMPREND UN GROUPE DE 5 CHIFFRES, 
SOIT SYMBOLIQUEMENT : a b, b, с, c, 


1 Dimanche, 2 Lundi, 3 Mardi, 4 Mercredi, 5 Jeudi, 6 Vendredi, 


а = jour de la semaine 7 Samedi. 


: 4 presque calme. 
2 un peu agité. 
b, = caractère du champ électrique entre. 3 agité. 
Oh. et 12 h. 4 très agité (passages fréquents du positif au négatif). 
|. 5 inverti. 


9 pas d'observation faite. 


1 presque calme. 9 pas d'observation faite. 
agité. 

très agité. 

tendance à l'inversion. 

inverti. 


faible. 


о 
b, = сатасіёге du champ électrique entre / 3 
4 
5 
1 
2 moyen. 
3 
4 
5 
6 
1 


12 h. et 24 h. | 


9 pas d'observation faite. 


élevé. 

très élevé. 
variable. 
très variable. 


с, = gradient de potentiel électrique entre 
0 h. et 12 h. 


faible. 
2 moyen. 
3 élevé. 
4 très élevé. 
5 variable. 
6 très variable. 


9 pas d'observation faite. 


c, = gradient de potentiel électrique entre 
12 h. et 24 h. 


Re aat cn. а o e Lass o LLLA S nam 


EXEMPLE. 


Observations d'électricité atmosphérique du samedi 5 juillet 1930. 


ELC 
74366 
Samedi. — Champ électrique très agité de Gradient de potentiel très variable de 0 à 


12 heures ct de 12 à 24 heures. 


0 à 12 heures avec changements répétés et 
rapides du sens du champ. Champ électrique 
agité de 12 à 24 heures. 


ANNEXE 4. 


PROJET DE CODE POUR LE MESSAGE QUOTIDIEN RELATIF А L'ACTIVITÉ SOLAIRE (C A M). 


Le message sera composé d'un groupe de cinq 
chiffres fournissant des indications générales 
sur les principaux caractères de l'activité de 
l'astre et, quand des taches ou des protubérances 
dépassant l'importance moyenne auront été 


observées, de groupes de cinq chiffres supplé- 
mentaires donnant des précisions sur les posi- 
tions de ces objets. Éventuellement, il sera com- 
plété par la description, en langage clair, de 
phénomènes éruptifs exceptionnels. 
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Les renseignements qu'il contiendra seront 
déduits des observations faites avec le spectro- 
héliographe de l'Observatoire de Meudon. 


1° Groupe d'indications générales. 


Rang des chiffres 
dans chaque 


groupe. 

1. Jour de la semaine, auquel les observa- 
tions auront été faites : 

1 Dimanche. 
2 Lundi. 

3 Mardi. 

4 Mercredi. 

5 Jeudi. 

6 Vendredi. 

7 Samedi. 

2. Activité évaluée d’après le nombre et l'im- 
.portance des taches, dans l'échelle de 
0à5: 

0 Activité nulle. 
1 — faible. 
2 — тоуеппе. 
3 — assez forte. 
4 — forte. 
5  — trés forte. 
3, 4,5. Activité évaluée, respectivement et dans la 


méme échelle : 
D'aprés le nombre et l'étendue des plages 


faculaires brillantes de calcium et d’hy- 


drogéne; 

D'aprés le nombre et l'importance des pro- 
tubérances observées en projection sur le 
disque (filaments); | 

D'aprés le nombre et l'importance des рго- 
tubérances observées extérieurement au 
bord. 


2» Groupes supplémentaires. 


Leur premier chiffre servira d'indicatif de 
la nature des phénoménes dont les 
positions seront signalées : 

3 pour les taches; 

5 pour les protubérances observées en pro- 

jection sur le disque; 

7 pour les protubérances observées exté- 

rieurement au bord. 


a) Taches. 
2. Quadrant du disque dans lequel la tache (') 
est située: 
pour le quadrant Nord-Est. 
Sud-Est. 
— Sud-Ouest. 
Nord-Ouest. 


| 


(1) Ou le centre du groupe, s'il s'agit de plusieurs taches 
voisines. 


Les quadrants sont limités par le méridien 
central passant par les póles du Soleil 
el par la perpendiculaire à ce méridien 
passant par le centre du disque. 


3. Distance, exprimée en jours, де la tache 
au méridien central. 


Comme 2 et 3, respectivement. 


Si le nombre de taches à signaler dépasse 
deux, de nouveaux groupes de cinq chif- 
fres commengant par 3 et disposés de la 
méme facon que ci-dessus, seront ajoutés. 
П est peu probable, toutefois, que l'on 
ait jamais à donner les positions de plus 
de quatre taches à la fois. 

Quand les taches signalées seront en nom- 
bre impair, les 4° et 5° chiffres du der- 
nier groupe seront remplacés par des X. 


4, D. 


b) Protubérances observées en projection 
sur le disque (Filaments). 


Rang des chiffres 
dans chaque 


groupe. 

2: Quadrant du disque où se trouve le milieu 
du filament (pour la notation, voir 
paragraphe a). 

3. | Distance, exprimée en jours, du milieu du 
filament au méridien central. 

4. Indication sur la position du filament en 


latitude (!): 
4 Filament de basse ou de moyenne lati- 
tude. 
6 Filament polaire. 


5. Chiffre non employé et remplacé par X. 


П sera transmis autant de groupes de cinq 
chiffres commengant par 5 qu'il y aura 
de filaments à signaler. Leur nombre ne 
dépassera probablement jamais trois. 


c) Protubérances observées extérieurement 
au bord. 


2 Quadrant où se trouve le milieu de la 
protubérance (pour la notation, voir 
paragraphe а). 

3. | Indication sur la position de la protubé- 
rance en latitude (comme dans le para- 
graphe 2). 

4,5. Comme 2 et 3, respectivement. 

Si le nombre de protubérances à signaler 
dépasse deux, de nouveaux groupes de 
cinq chiffres commengant par 7 et dis- 
posés de la méme facon que ci-dessus, 
seront ajoutés; mais ce cas se présentera 
rarement. 


(1) Cette indication n'est pas indispensable pour les taclies, 
qui sont toujours confinées aux basses ou aux moyennes 
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Quand les protubérances signalées seront 
en nombre impair, les 4* et 5* chiffres 
du dernier groupe employe seront rem- 
placés par des X. 


EXEMPLES. 


1. — Observations du dimanche 23 novembre 1930 : 
Message : CAM 14312 34144 384XX 


Traduction : Soleil: Dimanche. Activité d’après les 
taches, forte; d'après les plages facu- 
laires de calcium et d'hydrogène, assez 
forte; d'après les filaments, faible; 
d'aprés les protubérances au bord, 
moyenne. 


Trois taches ou groupes de taches 
importants sont à signaler : 


Un dans le quadrant Sud-Est, à 1 jour 
du méridien central; 


Un dans le quadrant Sud-Est, à 4 jours 
du méridien central; 


Un dans le cadrant Nord-Ouest, à 4 jours 
du méridien central. | 


2. Observations du jeudi 19 juillet 1928 : 


Message : CAM 02440 362XX 5224X 


Traduction : Soleil : Jeudi. Activité d'apres les taches, 
moyenne : d’après les plages faculaires, 
forte; d'aprés les filaments, forte; d'a- 
prés les protubérances au bord, nulle. 


Un groupe de taches important esi à 
signaler dans le quadrant Sud-Ouest, à 
2 jours du méridien central. 


Un filament important se trouve dans 
le quadrant Nord-Est, à 2 jours du méri- 
dien central, sa latitude est basse ou 

moyenne. " 


3. — Observations du jeudi 7 novembre 1929 : 


Message : 


Traduction : 


CAM 53434 34284 5804X 74684 


Soleil: Jeudi. Activité d'aprés les taches, 
assez forte; d'après les plages faculaires, 
forte; d'aprés les filaments, assez forte; 
d'apres les protubérances au bord, forte. 
Deux taches ou groupes de taches impor- 
tants sont à signaler : 

Un dans le quadrant Sud-Est, à 2 jours 
du méridien central; 


Un dans le quadrant Nord-Ouest, à 
4 jours du méridien central. 


Un filament important est à signaler 
dans le quadrant Nord-Ouest. Le milieu 
du filament est à moins de 0,5 jour 
du méridien central. Sa latitude est . 
moyenne ou basse. 


Deux protubérances importantes sont à 
signaler : 

Une dans le quadrant Sud-Est (Protu- 
bérance polaire); 


Une dans le quadrant Nord-Ouest (Pro- 
tubérance de latitude basse ou moyenne. 
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COMPTE RENDU DE LA SEANCE DU MERCREDI 3 JUIN 


ACCOUNT OF MEETING OF WEDNESDAY, JUNE 3 


La séance est ouverte à 16 heures sous la pré- 
sidence de M. le Dr. B. van der Pol, Président de 
la Commission V. 


Assistent à la séance : MM. le Prof” Appleton, 
le Dr. Austin, le Commandant Bureau, le Dr. Le 
Corbeiller, le Capitaine Dorsimont, le Général 
Ferrié, le Prof' Gorio, le Prof" Jouaust, le Colo- 
nel Jullien, l'Ingénieur Latour, le R. P. Lejay, 
le Dr. Lugcon, le Prof R. Мезпу, le Prof 
Nagaoka, le Prof” Pedersen, le Dr. Rayner, је 
Dr. Smith-Rose, le Général Squier, le Prof” Wag- 
ner et le Dr. Watson-Watt. 


The Chairman proposes the following nomina- 
Lions : 
Vice-Président : M. Mesny; 
Rapporteur : M. le Dr. Le Corbeiller; 
Rapporteur-Adjoint : le R. P. Lejay. 
Ces propositions sont ratifiées par l'Assem- 
blée. 


La Commission entend ensuite un rapport de 
la Sous-Commission chargée d'étudier les règles 
qui doivent étre appliquées dans la préparation 
et les discussions de l'Assemblée (°), et propose 
d'étendre ces règles à FU. R. S. I. toute entière. 


Dr. Rayner says that those proposals would be 
acceptable to the British National Committee. 

Ces propositions sont adoptées à l'unanimité. 

Le Général Ferrié présente les excuses du 


secrétaire-Général, M. R. B. Goldschmith, obligé 
de quitter la Conférence pour raison de santé. 


The Chairman expresses the regrets and the 
good wishes of the Commission. 


The Chairman then asks the Commission to 
nominate a member as delegate to the Polar Year 
Commission of the U В. 5. I. 


(1) Annexe I, p. 96. 


Prof Appleton proposes M. van der Pol to be 
this delegate. It is due to him that the U. R. S. I. 
is in relation with the Polar Year Commission. 


Dr. van der Pol accepts this function. 


La réunion officieuse de la Commission tenue 
le matin a proposé de retenir trois sujets de dis- 
cussion pour la prochaine Assemblée : 

1° L'étude en laboratoire des gaz ionisés; 

2° La nature de la radiation solaire et la com- 
position de la haute atmosphère; 

3° La génération des ondes de moins de 
20 centimétres de longueur d'onde. 


The Chairman puts forward as reporters to 
prepare the material : 


For subject n? 1 : MM. Appleton and Gutton; 

For subject n? 2 : MM. Chapman and Father 
Lejay. 

For subject n° 3 : M. Wagner. 


Ces propositions sont adoptées à l'unanimité. 


Le Dr. Wagner demande l'autorisation de con- 
sulter M. Barkhausen et d'autres spécialistes. 


The Chairman says that it was proposed an 
evening of the next meeting should be devoted 
to an exposition of the operational calculus in its 
foundations and its application to Radioelec- 
tricity. 


Prof Appleton proposes that MM. van der Pol 
and Wagner be to undertake this. 


Le Prof Jouaust expose les idées de M. Gut- 
ton (^) sur les résonances dans les gaz ionisés, ct 
sur ses expériences récentes oü il a retrouvé Ја 
méme fréquence avec des tubes de dimensions 
différentes et des densités d’ionisation sem- 
blables. 


(1) Annexe П, p. 98. 


Union Radio Scientifique Internationale. 95 


Prof Appleton says that with the help of 
M. Goodyear of King's College, London, he has 
repeated the experimentis of M. Gutton and he 
confirms the results. He adds that the question 
at issue is the explanation to given of the expe- 
rimental results. M. Pedersen has explained 
(ће experience of M. Gutton by Eccle's theory 


mim im 


FIG. 1. 

and has shown that the condenser of fig. 1 was 
equivalent to the three condensers placed as 
indicated on fig. 2. He says that he has expe- 
rimentally reproduced that arrangement as 
shown on fig. 8. Varying the value of external 
capacities the resonance frequency was mod- 
ified. 

On the other hand, M. Gutton found the for- 
mula N?*)* = C* where N is the number of 
ions per cm’, N being measured by the current 
passing through the tube. But since these 
experiments, Langmuir has given a method of 
direct measurement for the number of ions and 


n" 


FIG. 2. 


it is then found that the formula №)? = C" is veri- 
fied, according to Pedersen's theory. 


Le Prof' Jouaust dit qu'il lui est difficile de 
se, substituer à M. Gutton pour discuter cette 
question quoiqu'il en ait souvent parlé avec lui, 
mais il ne la connait qu'imparfaitement. Il lui 
semble cependant que M. Gutton a répondu aux 
objections de Pedersen par des expériences qu'il 
a décrites dans les Annales de Physique. 


Prof' Nagaoka is not sure that electrons alone 
intervene and that ions could also have some 
influence. 


Prof' Appleton answers that the experiments 
he has made with a magnetic field acting make 
him believe that electrons alone are concerned. 


Le Prof Jouaust ne voit pas comment s'expli- 
queraient les réflexions verticales autrement que 
par la théorie de M. Gutton. Il signale que les 
travaux de M. Namba au Japon montrent des 
polarisations elliptiques à la réception des si- 
gnaux lointains, ce qui indique une réflexion 
du type métallique, conformément aux idées 
de M. Gutton. 


Dr. van der Pol discusses the experiments he 
made in 1918 in view to finding dielectric con- 
stants smaller than one. In fact, at first ће 
found numbers greater than onc, but afterwards 
he met values less than one. He points out the 
important fact that the absence of homogeneity 


um 


ie à 


l'1G. 3. 


in the ionisation of gas might give too high 
value for the dielectric constant. 


The Chairman then reads his report on the 
Brownian movement of electrical charges ‘in 
conductors and on the general theory of reci- 
procity (°). 


The Chairman opens then the discussion on 
the general theory of reciprocity in radio wave 
propagation. He asks if observations opposed 
(о the theory could be put forward. 


М. L. Espenschied says that in U. S. 4. numer- 
ous experiments had been carried out in order to 
find whether the variations in reception in reci- 
procal radio-communications arose from the 
intervening medium or from the antenna sys- 
tem. 

Some months ago variations were thought 
to have been found but later it was found that 
the measurements gave results identical to 1 or 
2 decibels when the antennas were identical. 


(1) Annexe III, p. 100. 
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Those measurements were made with different 


arrangements on 10,000 Kc/s and 20 Kc/s. 


The Chairman conclues from these accurate 
experiences that the influence of the terrestrial 
magnetic field could therefore be neglected in 
a first approximation not only on long waves 
but also on short waves. 


Dr. Smith-Rose says he made experiments on 
this subject while studying night-time direction- 
finding at a distance of 80 miles. One of the 
stations was equipped with a rotating emitting 
frame and with a receiving frame, the other 
with a vertical antenna used for emission and 
reception. 

The observed deviations were the same in 
both directions as far as could be determined in 
the conditions that the observation could not be 
stricly simultaneous; in fact the maxima were 
same. 


M. L. Espenschied refers to observations made 
during transmission from North to South be- 
tween U.S. A. and Chili. The rays directed 
Norlhward were deviated to the West and those 
directed Soutward to the East. The station of 
Buenos-Aires on the axis of the projection did 
not receive as well as the stations of Chili. 


— a —— —— — ee — o —— Ce A — —— — M me 


]he Chairman remarks that this is not a Гас! 
opposed to the theory of reciprocity, it does по! 
therefore appear that there is a single experimen- 
lal fact against this theory. 


Prof Nagaoka says that the « Mecanique Ana- 
Ivtique » of Lagrange contains theorems on this 
subject, also the works of Helmotz, Boltz- 
mann, etc. 


The Chairman begs M. Nagaoka to give a list 
of references on this subject. 


Ces références en addition de celles contenues 
dans le rapport de M. van der Pol (°), sont les 
suivantes : 

Lagrange-Mecanique analytique; 

Helmoltz-Kleinste Wirking; 

J. J. Thomson-Application of dynamics 

lo Physics and Chemistry; 
H. Hertz-Prinzipien der Mechanik; 
Boltzmann-Prinzipien der Mechanik. 
héférence 

Brownien : 

Fowler-Statistical Mechanics. 


additionnelle sur le mouvement 


La séance est levée à 18 heures. 


(1) Annexe III, p. 100. 


ANNEXES. 

I. -— Propositions relatives à la préparation et 11. — Etude de la Résonance dans les gaz ioni- 
à l'organisation des travaux des Commis- sés. — Prof” GUTTON. | 
sions. ШП. — Report for Commission V. — Dr. van 

DER Por. 
ANNEXE I. 


PROPOSITIONS RELATIVES А LA PRÉPARATION ET A L'ORGANISATION 
DES TRAVAUX DES COMMISSIONS. 


L'Assemblée Générale actuelle semble devoir 
obtenir des résultats plus efficaces que les pré- 
cédentes, et cela nous parait dà à une meilleure 
conception du rôle de l'U. R. S. 1. Ce rôle est le 
suivant : | 

D'une part, elle doit étudier les movens d'ac- 
поп nécessaires pour 1а réalisation des travaux 


de nature internationale, 
action. i 

D'autre part, elle doit discuter les questions 
scientifiques et, dans la mesure du possible, pro- 
fiter de ses Assemblées Générales pour atteindre 
ce but. 


Il est incontestable que de semblables discus- 


et organiser celte 
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sions ne peuvent porter де fruits que si les points 
examinés ont été étudiés à loisir. 

Pour régulariser sur ces bases l'organisation 
des futurs travaux, il serait avantageux d'établir, 
dés maintenant, quelques régles générales. 

Les questions ressortissant du domaine de 
l'U. R. 5. I. peuvent étre classées en deux caté- 
gories : 

А. — Questions générales en cours d'évolu- 
lion et qui ne comportent pas, ou ne demandent 
pas de solution rapide. Tel est le cas, par exem- 
ple, de la constitution et de l'ionisation de la 
haute atmosphère, ct des relations entre la рго- 
pagation et l'activité solaire. 


B. — Questions particuliéres pour iesquelles 
une solution rapide, ou au moins un avis sans 
longs délais, serait utile ou nécessaire. C'est le 

cas de la collaboration aux travaux de l'Année 
Polaire; ce peut étre aussi le cas de l'examen de 
points de vue nettement opposés sur un sujet 
déterminé. 

Enfin, le: nombre croissant des travaux de 
toute espéce et leur discrimination dans de trés 
nombreuses publications rendent difficiles la 
connaissance compléte de certains sujets jouant 
un róle essentiel dans la science radioélectrique; 
plusieurs membres де l'U. |. S. I. ont émis le 
désir de voir rassemblés par des spécialistes tous 
les éléments de documentation relatifs à ces 
questions, cette documentation étant accompa- 
gnée d'exposés critiques. 

C'est en se guidant sur ces considérations que 
nous faisons les propositions suivantes : 


A. — La préparation des questions à discuter dans 
une Assemblée Générale devra commencer officielle- 
ment au moins un an avant la date de cette assem- 
blée. Le programme sera définitivement établi huit 
mois avant cette date, par entente entre les Comités 
Nationaux. Le Secrétariat Général prendra toutes 
dispositions utiles pour atteindre ce but en rappelant 
à l’ordre les Comités Nationaux qui apporteraient 
trop de retard dans leur correspondance et en leur 


fixant une date limite aprés laquelle on se passerait 
de leur avis. 


B. — Un ou plusieurs rapporteurs qualifiés seront 
désignés pour chaque question et leurs rapports 
devront parvenir au Secrétariat Général trois mois 
avant l'Assemblée Générale. Ces rapports seront poly- 
copiés et envoyés aux Comités Nationaux auxquels ils 
devront parvenir deux mois avant l'assemblée, 


C. — Si d'autres questions se présentent au-delà 
des limites ci-dessus assignées, elles seront commu- 
niquées d'urgence aux présidents des commissions 
intéressées qui jugeront s'il est encore temps de les 
présenter à la prochaine Assemblée Générale et si 
cette présentation est justifiée par l'intérét qu'elles 
présentent. Dans ce dernier cas ils nommeront un 
rapporteur. Le Secrétariat Général fera alors tout le 
possible pour que les rapports soient distribués avant 
l'ouverture de l'assemblée. 


D. — Dans le cas оџ la nécessité d'une solution 
urgente empécherait d'attendre la prochaine Assem- 


` blée Générale, les présidents des commissions inté- 


ressées nommeraient un rapporteur qui, par corres- 
pondance ou par contact direct avec les personnes 
les plus qualifiées, étudierait la question et ferait un 
rapport dans le plus bref délai. Ce rapport serait 
distribué dans les mêmes conditions que ci-dessus. 


E. — Dans tous les cas, le Comité Exécutif veillera 
à ce que l'ensemble des questions à examiner dans 
une Assemblée Générale soit propon PANG au temps 
dont celle-ci disposera. 


F. -— Les questions qui auront été étudiées par les 
rapporteurs dans un but de documentation scienti- 
fique à l'usage des membres de ГО. R. 5. I. ne seront 
pas présentées à l'Assemblée Générale pendant ses 
séances de travail. Elles feront l'objet de communi- 
cations qui auront lieu de manière à ne pas empiéter 
sur le temps indispensable aux discussions. 


G. — Au cas où des membres de l'U. R. 5. I. dési- 
reraient présenter des sujets ne faisant pas partie du 
programme de l'Assemblée Générale, leurs commu- 
nications devraient être soumises à l'avance au 
Comité Exécutif qui jugerait de leur opportunité et 
prendrait les mesures nécessaires pour que l'exposé 
de ces communcations ne nuise pas aux travaux de 
la session. 


ANNEXE II. 
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LA RESONANCE DANS LES GAZ IONISES. 


La théorie de Eccles étudie l'influence de 
l'ionisation sur la valeur apparente de l'indice 
de réfraction du gaz en imaginant que chacun 
des électrons se déplace dans le champ électro- 
magnétique comme s'il était scul, et nc fait point 
intervenir de forces qui proviennent de l'action 
qu'exercent sur chacun des électrons les charges 
des autres particules électrisées. 


En l'absence d'un champ électromagnétique 
et pour une distribution en moyenne régulière 
des charges ces actions ont une résultante nulle, 
mais il en est tout autrement dans un champ. 
Celui-ci, lors du passage des ondes n'est pas uni- 
forme, il est impossible d'ailleurs de concevoir 
un champ électromagnétique d'intensité varia- 
ble et uniforme. Les équations de Maxwell pour 
un champ uniforme donneraient des valeurs 
nulles pour les dérivées, par rapport au temps, 
des vecteurs électriques et magnétiques de sorte 
que le champ serait nécessairement d'intensité 
constante. 

Il est ainsi indispensable d'admettre que lin- 
lensité du champ varie d'un point à l'autre de 
l'espace. Les ions positifs de masse trés supé- 
rieure aux électrons négatifs ont des déplace- 
ments beaucoup moindres, de sorte que les 
charges négatives se déplacent seules dans un 
réseau de charges positives à peu prés immo- 
biles. 

Comme l'intensité du champ est nécessaire- 
ment différente aux différents points, les dépla- 
cements des électrons le sont aussi et il en résulte 
nécessairement une répartition non régulière 
des charges électroniques. Dans ces conditions 
on ne peut plus admettre que les actions mu- 
tuelles entre les différentes charges particulaires 
se font équilibres et n'interviennent pas pour 
déterminer le mouvement de chacune d'entre 
elles. Il faut introduire dans l'équation du mou- 
vement d'un électron d'autres forces que celle 
qui résulte du champ, le mouvement devient 
alors différent de celui que prévoit la théorie 
de Eccles et la constante diélectrique apparente 
du gaz a une autre expression que celle que l'on 
déduit de cette théorie. 


En vue d'étudier expérimentalement cette 
constante diélectrique, H. Gutton (Comples-ren- 
dus, 1927, Annales de Physique, 1930) a effec- 
tué des séries d'expériences de laboratoire dont 
les résultals s'expliquent dans tous leurs détails 
par l'existence de phénomènes de résonance 
entre la fréquence des oscillations du champ et 
une fréquence propre des oscillations électro- 
niques. Cette dernière fréquence est due aux 
actions mutuelles des charges particulaires qui 
créent une force de rappel proportionnelle, en 
première approximation, au déplacement de 
l électron. 

Ces phénomènes de résonance sont d'autant 
plus marqués, ainsi que le montre l'expérience, 
que la pression est plus basse car l'amortisse- 
ment des oscillations électroniques, ди à la pré- 
sence des molécules gazeuses, est plus pelit. 
Pour observer de grosses influences de ces réso- 
nances, il est par suite essentiel de faire les expé- 
riences à pression trés réduite et aussi basse que 
dans les hautes couches atmosphériques. 

D'autres expériences postéricures de H. Gul- 
ton (Annales de Physique, 1930), par des moyens 
trés différents conduisent encore à l'idée de рће- 
noménes de résonance importants. 

Au cours de ces différents essais Tonks el 
Langmuir (Phys. Rev., 1929) ont d'autre рам 
trouvé par expérience des périodes propres d'os- 
cillations des particules électrisées dans l'arc au 
mercure, et donné une théorie de ces oscillation: 
basée sur la non uniformité du champ. Ils trou- 
vent, comme les recherches expérimentale y con- 
duisent, une force de rappel proportionnelle à 
l'écart dans le cas d'électrons déplacés par un 
champ électromagnétique. 

Dans Је cas d'un amortissement faible, l'équa- 
lion du mouvement d'un électron doit donc étre 
écrile non 


di TO 
m — == Ке ап ot 
d? 
malis 
IT Fesin ot 
m — + ат = Fesin wt. 
dt? 
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On trouve alors pour la constante diélectrique 
du gaz non plus 


ArNe Q: 
peer "NN" 
en posant 
АхМе: ог 
т 
mais 
Q? 
k=1- er 


En désignant par О la pulsation propre үг. 


des oscillations électroniques, pulsation d'autant 
plus grande que les actions mutuelles entre par- 
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(16. 1. 


ticules sont plus intenses, c'est-à-dire que le gaz 
est plus ionisé. La théorie de Tonks et Langmuir 
donne pour Q' une valeur égale à 0. Celle-ci est 
d'autre part proportionnelle au nombre d'élec- 
trons par ст”. 

La courbe hyperbolique (fig. 1) qui représente 
la variation de k en fonction de Q? ou de № a 
alors une asymptote verticale pour o^ = Q^ qui 
correspond à la résonance. La courbe qui corres- 
pond à la théorie de Eccles est, au contraire, une 


ligne droite qui coupe l'axe des abscisses pour 
w = Q? 


Dans la théorie de la dispersion optique de 
Lorentz on trouve, comme il arrive ici, un indice 
infini qui correspond à une résonance électro- 
nique et à une bande d'absorption. 

Ш est important. de remarquer que cette 
аоѕогриоп ne correspond pas а une dissipauon 
d energie en chaleur. L énergie apportee par des 
radiations électromagnetiques à la suriace de 
separation du corps en resonance, sert а aug- 
шешег 1 епеголе cineuque des рагисшез qui за 
rayonne à nouveau sous torme а опаеѕ reile- 
chies. Lorsque des ondes rencontrent un milieu 
en résonance électronique elles sont donc tres 
parfaitement réfléchies. Cette réflexion est ana- 
logue à celle des rayons restants de Rubens sur 
un cristal, lorsque la longueur d'onde coincide 
avec celle d'une bande d'absorption. 

En appliquant ces résultats à la propagation 
des ondes radiotélégraphiques dans la haute 
atmosphère dont l'ionisation croit avec l'altitude 
jusqu à une valeur maximum, on arrive aux con- 
clusions suivantes : | 


l. — Les ondes sont réfléchies lorsqu'elles 
atteignent la couche en résonance et si la 
pression est faible sont peu absorbées 
avant de l'atteindre. Cette réflexion de la 
naure de la réflexion métallique peut 
dépolariser les ondes. Elle se fait sous 
loute incidence méme voisine de la nor- 
male. 


П. — La fréquence de résonance étant d'au- 
tant plus grande que lionisation est plus 
intense, les ondes les plus courtes sont 
réfléchies aux plus haules altitudes. Seules 
les ondes ultra courtes qui ne rencon- 
trent aucune couche en résonance peu- 
vent quitter Гаппозрћеге terrestre. 


HI. — L'amortissement des oscillations électro- 
niques étant du à la présence des parti- 
cules gazeuses, la réflexion est d'autant 
meilleure que la pression dans la couche 
en résonance est plus faible. Les ondes 
courles seront donc mieux réfléchies que 
les ondes longues. Pour ces dernières la 
résonance se produisant dans des couches 
basses à pression élevée, les phénomènes 
qui provoquent la réflexion sont très 
amortis et cette dernière disparaît presque 
complètement. 
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П est inutile d'imaginer l'existence d'une ou 
plusieurs couches ionisées à contours nets, tous 
les phénoménes observés s'expliquent du sim- 
ple fait que l'ionisation varie d'une facon conti- 
nue avec l'altitude. 

L'ionisation nécessaire à la réflexion corres- 
pond à peu prés à celle pour laquelle dans la 
théorie de Eccles la constante diélectrique s'an- 
nule, mais à la couche réfléchissante une théorie 
qui fait intervenir une résonance attribue, au 
contraire, une valeur trés grande. 

Ce dernier résultat coincide avec celui des 
théories optiques, tandis que rien n'autorise à 
admettre qu'il y a réflexion lorsque l'indice est 
nul. Le passage par zéro d'une fonction n'im- 
plique en rien l'idée d'une discontinuité pouvant 
provoquer une réflexion. 

C'est pour éviter cette contradiction que d'au- 
tres opinions ont été émises, la théorie de Eccles 
serait conservée et cependant une résonance in- 
terviendrait. Pour introduire cette résonance 
on fait le raisonnement suivant. La formule 
de Eccles indique que la constante diélectrique 
devient négative pour une ionisation suffisante. 
On imagine alors qu'un condensateur à con- 
stante diélectrique négative se comporte comme 
une self et que, par suite du fait de l'ionisation, 
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chaque centimètre cube du gaz a une capacité 
ct une self en parallèle. Il se produit alors des 
résonances pour une ionisation définie. 


Cette manière de concevoir les phénomènes 
dont un gaz ionisé est le siége ne parait pas rai- 
sonnable pour les raisons suivantes. Rien n'au- 
lorise à traiter un gaz comme un circuit oscil- 
lant, mais il parait surtout injustifié de le faire. 
Lorsqu'en optique il a fallu expliquer les bandes 
d'absorption, Lorentz a imaginé unc résonance 
électronique dans l'atome. On se trouve en radio- 
télégraphie en présence d'un milieu dispersif et 
absorbant dans lequel on étudie la propagation 
d'ondes. L'expérience montre que l'on trouve les 
résonances, qu'en optique on introduit comme 
le seul moyen d'explication et au lieu de profiter 
des faits d'expérience pour donner la même 
explication, on la néglige, au contraire, ct on lui 
préfére une hypothése que rien ne justifie. 

Enfin, il semble naturel de chercher une théo- 
rie diélectrique des gaz ionisés à partir de leur 
structure particulaire et des lois de la méca- 
nique, et de ne pas penser la trouver dans des 
assimilations problématiques d'un gaz ionisé à 
unc self et une capacité. 


H. Ссттом. 


REPORT FOR COMMISSION IV. 


In the scientific Radio literature of the last 
few years so many subjects have been treated, 
connected more or less with the physical mathe- 
matical bases underlying various radio pheno- 
mena, that it is practically impossible for one 
reviewer to give a complete account of the 
various, often very important advances of the 
years. |t was therefore considered 
adequate to choose some subjects for discussion 
in the « Commission de Radiophvsique », which 
are characterized by their very fundamental and 
general physical nature, so that they can be 
considered forming a subject for further scien- 
tific investigation in the near future, 
vest as such subjects : 


last few 


We sug- 


1. The theory and experiments on the Brow- 


nian movement of electrical charges in conduc- 
lors. 

2. The « small shot » effect. 

3. The general theories of reciprocity. 


1. The Brownian movement of electrical 


charges in conductors. 


This effect, which in recent radio literature 
is variously referred to as « fluctuation noise » 


or « thermal noise », sets (together with the 


« small shot » effect) a limit to the amplitude 
of currents or P. D. 's, which can be amplified. 
In the telephone receivers, connected to the oul- 
put of an amplifier, an irregular noise is heard. 
which has as its cause the spontaneous fluctua- 
lions of P. D. or current always present in any 
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conductor, their magnitude bcing determined 
by the temperature of the conductors. 

The recent literature on the subject contains 
the following papers : 


J. B. JOHNSON, Thermal agitation of electricity in 
conductors. (Puys. REV. 32, 97, 1928.) 

H. NvouisT, Thermal agitation of electric charge in 
conductors. (PHYS. REV. 32, 110, 1928.) 

Е. B. LLEWELLYN, Noise in vacuum tubes and atla- 
ched circuits. (PROC. I. R. E. 18, 243, 1930.) 


STUART BALLANTINE, Fluctuation noise in radio recei- 
vers. (PROC. I. R. E. 18, 1377, 1930.) 


In the paper by Dr. Nyquist a theoretical 
demonstration, based on general thermodyna- 
mical reasoning is given of the spontaneous 
voltage fluctaation, which is always present at 
the terminals of апу linear network, which 
therefore obeys Ohm's law. It is shown, that 
these voltage fluctuations contain all frequencies. 
Calling v*(n) the square of the voltage compo- 
nents for the frequency region between n and 
n + dn, it is shown, that 


v? (n) du = АК (п) KTdn (1) 


where h(n) is the resistance component of the 
impedance (which equals the real part of the 
complex impedance) and k is Boltzmann’s соп- 
stant = 1,372 x 10 ** Joules/degree, and T is 
the absolute temperature. 

In the paper by Dr. Johnson measurements 
· are described of these spontaneous voltage fluc- 
tuations and the results are compared with (1), 
so that Boltzmann's constant k could be deter- 
mined and a fair agreement with the above given 
generally accepted value is obtained. 

In the paper by Dr. Ballantine both the 
« Shot » effect and the thermal agitation are 
considered and in connection with the last the 
noise is considered, when a carrier wave acts 
upon the high frequency side of a radio receiver, 
the latter containing a square law detector. For 
this derivation use is made of the Rayleigh- 
Schuster theorem, where an integral over the 
time is transformed in an integral over the fre- 
quencies. Results of measurements of « noise » 
of some radio receivers are also described. 

In the paper by Dr. Llewellyn again both the 
« shot » effect and the « thermal noise » are 
discussed, the latter subject being again treated 


101 


on the basis of Nyquist's equation (1). In the 
computation of the « thermal noise » originating 
on the plate side of the vacuum tube, the inter- 
nal plate resistance of the tube is to be regarded 
as having the same temperature as the filament. 
Dr. Llewellyn further concludes, that with tubes 
properly designed to operate at temperature 
saturation. it is possible to reduce the noise on 
the plate side to such an extent, that the high 
impedance circuits employed on the grid side 
of the first tube of a high gain receiving system, 
contribute practically all of the noise by virtue 
of the thermal agitation phenomenon. 


1 may be allowed to add a few remaks in 
connection with the literature just described. 
With regard to the prediction of the above effect 
we find some references to a paper bv W. Schot- 
thy : « Ueber spontane Stromschwankungen in 
verschiedenen elektrischen Leitern » (Ann. der 
Phys., 57, 541, 1918), who indeed forsaw the 
thermal agitation of electricity and who calcula- 
ted its numerical value. 


For a proper unterstanding of the phenome- 
non under question however it is advisible to 
compare the effect with the theory of the Brow- 
nian movement, the fundamental literature 
thereof being : 


ALBERT EINSTEIN, Zur Theorie der Brownschen Bewe- 
gung. (ANN. DER PHys. 19, 371, 1906.) 

M. VON SMOLUCHOWSKY, Zur kinetischen Theorie der 
Brownschen Molekularbewegung und der Suspen- 
sionen. (ANN. DER PHYS. 21, 756, 1906.) 


ALBERT EINSTEIN, Ueber die Gültigkeitsgrenze des 
Satzes vom thermodynanischen | Gleichgewicht 
und über die Môlichkeit einer neuen Bestimmung 
der Elementarquanta. (ANN. DER PHYS. 22, 569, 
1907.) 

LANGEVIN, Comptes Rendus, 146, 530, 1908. 

G. L. DE HAAS-LORENTZ, Over de theorie van de 
Brounsche beweging en daarmede verwante ver- 
schijnselen. Leiden 1912. — German translation : 
Die Brownsche Bewegung. Friedr. Vieweg & Sohn. 
(DIE WISSENSCHAFT, No. 52.) 

H. A. LonENTZ, Les théories statistiques en thermo- 
dynamique. Leipzig & Berlin, Teubner, 1916. 


It is interesting to remark, that in all publica- 


lions just quoted the theory of the Brownian 


movement of electrical charges in conductors is 
treated and a numerical calculation of the effect 
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to be expected is given. E. g. in Einstein's 1906 
paper the following expression is given : 
— ФЕТ 


dv (2) 


were | is the time and r the electrical resistance 
of a circuit and where е? is the mean square of 
a charge. About this formula Einstein remarks 
(1906) : « ...Diese Formel gibt an, wieviel Elek- 
trizitét im Durchschnitt während der Zeit t 
durch irgendeinen Leiterquerschnitt geht... ». 

Also in his 1907 paper Einstein shows, that 
the mean square voltage fluctuation v^ at the 
terminals of a condenser of capacity C, due to 
the Brownian movement of electricity, is given 
by the expression : 


1 


Ci = | 


5 AT. (3) 


In the book of Mrs. G. L. de Haas-Lorentz the 
Brownian movement of electricity is calculated 


A 
L 
C 
T 
B 
F1G. 1. 


in several circuits, e. g. it is shown, that in a 
closed circuit, consisting of a selfinductance L 
and a resistance r the spontaneous mean square 
current variation i? is given by 


kT. (4) 


Also the case of two coupled L, r-circuits is 
considered, with the result 


1 ur DM 1 e as 
3 Lyi + Miu + 3 1.2 = КТ. (5) 


Finally for a L, C, r-circuit (see fig. 1) the 


mean square current and the mean square 
charge е? are shown to be : 

1 — te 4 

- 1, · — -=E Й 

д Li 36 = ә kT (6) 
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Also in Lorentz’ book (pages 97, 98, 99) a new 
derivation of the above is given. 

In order to show the agreement of Nyquist 
formula (1) with e. g. Einstein’s expression (3) 
consider the following circuit : 

The real part of the inipedance Z,g is given by: 


(7) 


where w = i... 

The mean square voltage v? (w) us far as its 
components between the angular frequencies o 
and e + до is concerned is therefore given by : 

AKT r 
v? (n) dn ЕЛИСЕ NS (8) 
+ ej Liu 

Integrating (8) over all frequencies between 

w = О and w = oo yields 


— 


which agrees with Einstein's expression (3). 


2. — The « small shot » effect. 


As to the recent literature on the « shot » 
effect (wich was predicted by Scnorrkv : Апл. 
der Phys., 57, 541, 1918) we mention : 


A. W. HULL & N. H. WILLIAMS, Determination of 
elementary charge from measurements of « shot » 
effect. (PHYS. REV. 25, 147, 1925.) 


J. B. Jounson, The Schottky effect in low frequency 
circuits. (PHYS. REV. 26, 71, 1925.) 


T. C. Fry, The theory of the Schroteffect. (JRN. FRAN- 
KLIN INST. 199, 203, 1925.) 


W. SCHOTTKY, « Small shot » effect and flicker effect. 
(PHys. REV. 28, 74, 1926.) 


N. H. WiLLIAMs & H. B. VINCENT, Determination of 
electronic charge from measurements of « shot » 
effect in aperiodic circuits. (Puys. REV. 28, 1250, 
1926.) 


J. B. Јонмѕом, Thermal agitation of electricity in 
conductors. (PHYS. REV. 32, 97, 1928.) 

STUART BALLANTINE, « Shot » effect in high frequency 
circuits. (JRN. FRANKLIN INsT. 206, 159, 1928.) 
F. B. LLEWELLYN, Noise in vacuum tubes and attached 

circuits. (PROC. I. R. E. 18, 243, 1930.) 
STUART BALLATINE, Fluctuation noise in radio recet- 
vers. (Рвос. I. R. E. 18, 1377, 1930.) 
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Without going in details it can be said, that 
the above literature treats of the theory and 
experiments on the « shot » effect, which con- 
sists of a mean square voltage v?, obtained over 
the terminals of a L, C, r-circuit, connected in 
the anode circuit of a thermionic tube, due to 
the fact, that the current through the tube is 
constituted by the movement of discrete elec- 
trons, whereby it is assumed, that every elec- 
tron leaves the cathode statistically independent 
of the other electrons (see fig. 2). 

In its simplest form the theory leads to the 
following expression : | 


ве 
worn vemem + SNS (9) 
# 2E 
E 
where i^ equals the mean square current through 
the capacty C, i is the mean current leaving the 


anode, e the charge of an clectron and E equals 
the mean charge of the condenser, due to the 


mean potential drop ri of the direct current 
component over the resistance r. ` 

An extension of this formula is given by 
Dr. Ballantine's paper for the case, where the 
finite time of transit between cathode and anode 
of the electrons is taken into account, which, as 
Dr. Ballantine shows, causes a reduction in thc 
amount of the « shot » effect. In general it can 
be said, that theory and experiments agrce 
reasonably well, though the change of « shot » 
effect due to the presence of space charge is wor- 
thy of further investigation, as is a further 
elucidation of the « Funkeleffekt », which intro- 
duces unexpected amplitudes at lower frequen- 
cies. 


3. The general theories of reciprocity. 


In recent scientific radio literature we find 
some different forms given of the theory of 
reciprocity. In order to obtain a clear view of 


the different wavs of expressing this theory, | 


there follows an account of the different forms, 
in which this theory is expressed from its first 
enunciation by HErwnorrz in 1866, Handbuch 
der physiol. Optik, 2, 198, Ed. 1900 : 

« Ein Lichtstrahl gelange von dem Punkte А 
nach beliebig vielen Brechungen, Reflexio- 
nen, u. 5. w. nach dem Punkte B. In A lege 
man durch seine Richtung zwei beliebige, 
aufeinander senkrechte Ebenen a, und a,, 
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nach welchen seine Schwingungen zerlegt 
gedacht werden. Zwei eben solche Ebenen 
b, und b, werden durch den Strahl in B 
gelegt. Alsdann lässt sich folgendes be- 
weisen; Wenn die Quantität I nach der 
Ebene a, polarisierten Lichts von А in der 
Richtung des besprochenen Strahls ausgeht, 

und davon die Quantität K nach der 
Ebene b, polarisierten Lichts in B ankommt, 
so wird rückwärts, wenn die Quantität I 
nach b, polarisierten Lichts von B ausgeht, 
dieselbe Quantität K nach a, polarisierten 
Lichts in А ankommen. » 


Helmholtz adds to this : 


« Sowie ich sche, kann hierbei das Licht auf 
seinem Wege der einfachen und doppelten 
Brechung, Reflexion, Absorption, gewóhn- 


FIG. 2. 


lichen Dispersion und Diffraktion untewor- 
fen sein, ohne dass das Gesetz seine Anwend- 
barkeit verliert, nur darf keine Aenderung 
seiner Brechbarkeit stattfinden, und es darf 
nicht durch. Kórper gehen, in denen der 
Magnetismus nach Faradavs Entdeckung 
auf die Lage der Polarisationsehene ein- 
wirkt. » 

A theorem about currents and potentials of 
the frequency zero in a system of conductors is 
expressed by Махмет, in 1873 (Treatise on Elec- 
tricity and Magnetism, I, art. 281) : 

« If an electromotive force E be introduced, 
acting in the conductor from A to B, and 
if this causes the potential at C to exceed 
that at D by P, then the same electromotive 
force introduced into the conductor from 
C to D will cause the potential at A to 
exceed that at B by the same quantity P. » 
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Rayleigh extended this in 1877 to peri- 


odic electromotive forces (Theory of Sound, I, 
par. 109) : 


« Let there be two circuits of insulated wire A 
and B, and in their neighbourhood any 
combination of wirecircuits or solid con- 
ductors in communication with condensers. 
A periodic electromotive force in the cir- 
cuit A will give rise to the same current 
in B as would be excited in А if the elec- 
tromotive force operated in B. » 


In 1896 (Verslag Kon. Ak. v. Wet., DI. IV, 
p. 176, 1896), Lorentz proves the following the- 
orem, which, as was the case in Helmholtz’s the- 
orem, relates to radiators and not only to 
quasi-stationary cases (as was the case in Ray- 
leigh's theorem) : 


« If there exist in the points P and P' simple 
light sources with the directions h and h, 
and with equal intensity and phase, than 
the electric current, which the first light 
source іп P" gives in the direction k’, will 
always be equal to the electric current, 
which the second source produces in point P 
in the direction A". » 


In 1924, Carson (Bell. Svst. Techn. Jrn., 3, 
393, 1924), expresses the theorem of Rayleigh as 
follows : 


« Let a set of electromotive forces V,', ... V, 
all of the same frequency, acting in the 
n branches of an invariable network, prod- 
uce a current distribution I,’,... Ip and 
let а second set of electromotive forces 
V,”,... V," of the same frequency produce 
a second current distribution L”, ... 1,7. 
Then 


Further ће derives the following theorem : 


« Let a distribution. of impressed electric 
intensity F = Е (x, y, 2) produce а corre- 
sponding distribution of current intensity 
u^ = и (x, y, z) and let a second distribu- 
lion of equi-periodic impressed electric in- 
tensity F" — F" (z, y, z) produce a second 


= 


distribution of current intensity u” = 
(r, v, z) then 


few dy = (в. м) do 


the volume integration being extended over 
all conducting and dielectric media. » 


In 1926, Sommerfeld gives some theorems, 
relating to emitters (ZS. f. hochfreq., Techn., 
26, 98, 1926) ; see also a correction on this former 
paper : « Das Reziprozitätstheorem der drahtlo- 
sen Telegraphie », Zenneck Festherft (ZS. f. 
hochfreq. Techn., 37, 167, 1931). Sommerfeld 
lakes as his starting point the proof of Lorent:, 
however he does not accept any external (einge- 
prägte) electromotive forces, so that he obtains 
the equation 


div (H, X Е.) = div (H, X E,) 


which is valid every where, where the divergence 
of the vector-product can be formed. 


Sommerfeld concludes : 


« Die von der Antenne А, aus dem Felde Е, 
empfangene Feldstärke ist nach Amplitude 
und Phase gleich der von der Antenne А, 
aus dem Felde E, empfangenen. » 


As limitations of validity Sommerfeld gives 
а. o. no hvsterisis, while an external magnetic 
field is excluded. 


In 1927, Plevel gives the following theorem 
for isotropic media (Handl. 68, Ing. Vet. Akad.): 
« The general reciprocal theorem consists 
therein that the linear equation system in 
operational from which combines the vec- 
tors I, and E, is conjugated with the system 
combining I, and Е,. » 


In 1929, Ballantine gives the following the- 
orem (Proc. I. R. E., 17, 929, 1929) : 


« If E', and E", are two independant distri- 
butiens of impressed electric force which act 
on the total current (convention, conduc- 
tion, polarization and displacement current 
in the ether) and c' and c" represent the 
total current (= с iwe / Ат. [Е + El) 
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resulting respectively from the action of 
Е, and E",; if all quantities vary as e'"', 
and if the properties of the medium e, y, 5 
. are scalars and independant of the field vec- 


tors, then 


|| (&. e — & .c) dv = [| (Е x H" — E" x H'),ds 


were the surface integral extends over the 
boundary of the region of the volume in- 
tegration. » 


Pd 


In 1930, Carson gives an extension of his 
reciprocity theorem (Bell Syst. Techn. Jrn., 9, 
325, 1930), for the case u + 1 and further the 


following theorem of energies : 


« If a transducer is terminated in its conjugate 
image impedances — the condition for 
maximum output and maximum transfer 


of power — the efficiency of transmission 
is the same in the two directions ('). » 


As slated already by Helmholtz in 1866, the 
reciprocity theorem is not valid when in the 
differential equations gyroscopic terms occur as 
was е. с. also remarked by Prof Appleton in 
connection with the propagation of waves 
through a medium, containing free electrons in 
the presence of a magnetic field. It would 
therefore be interesting to consider the question 
whether in actual propagation measurements 
cases have occurred, where it could be definitely 
concluded, that reciprocity in one of the forms 
given above did not applv. 


Dr. B. van DER Por, 
Chairman of Commission У. 
May 1931. 


(1) A critical review of the various forms of the recipro- 
city theorem will shortly be published by Mr. J. W. ALEXAN- 
DER, in the Tijdschrift v/h Ned. Radio Genootschap. 
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SÉANCES PUBLIQUES. 


Il fut organisé trois séances publiques au cours 
desquelles les mémoires suivants furent lus et 
commentés par leurs auteurs. 


ЗЕАМСЕ DU MARDI 2 JUIN. — 


— L'exploration radioélectrique de latmo- 
sphére dans les régions polaires. — M. le Corn- 
mandant Bureau. 


— L'exploration indirecte de la haute atmo- 
sphére par les anomalies de propagation des 
parasites atmosphériques, et des ondes courtes 
au passage de l'obscurité à la lumiére. — M. le 
Dr. Ing. Lugeon. 
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— PUBLIC MEETINGS 


Three public meetings were organized, during 
these the following papers were read and com- 
mented by their authors. 


MEETING OF TUESDAY, JUNE 2. 


— А methode of measuring upper atmosphere 
ionization. — M. le Prof’ E. V. Appleton. 


— The absorption of ionising radiation in the 
upper atmosphere near sunrise. — M. le Prof 
Chapman. 


— Cathode ray direction finder in research on 
atmospherics. — M. le Dr. Watson-Watt. 


ЗЕАМСЕ DU MERCREDI 3 JUIN. — MEETING OF WEDNESDAY, JUNE 3. 


— Wireless echoes. (Popular lecture.) — M. le Prof' E. V. Appleton. 


SEANCE DU JEUDI 4 JUIN. — MEETING OF THURSDAY, JUNE 4. 


— Тће theory of propagation over a flat earth. 
— M. le Dr. B. van der Pol. 


— Sur la définition et sur la mesure des capa- 
cités internes dans un tube électronique. — M. le 
Major Chevalier Algcri Marino. 


— Propagation of wireless waves. — M. le 
Prof' Nagaoka 
Nag ; 


— On the propagation of short waves. — 
M. le Capitaine M. Hattori. 


=== Frequency stabilisation of radio transmit- 
ters. — M. l'Ing. J. Kusunose. 


-— The modes of vibrations of quartz crystal 
plates. — M. le Dr. Dye. 


-— Measurements of power and efficiency of 
radio-transmitting apparatus. — MM. Gorio el 
Pession, mémoire lu par M. le Commandant 
Ing. T. Gorio. 
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Assemblée Générale du Samedi 
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6 Juin. 


General Meeting of Saturday, June 6 


La séance est ouverte à 16 heures, sous la pré- 
sidence de M. le Général Ferrié. 


Lc Président ouvre la séance en annoncant que 
le Secrétaire Général, M. Goldschmidt a dà quit- 
ter Copenhague pour des raisons de santé, il 
exprime les regrets de l'Assemblée. M. Dorsi- 
mont attaché au Secrétariat, ayant été rappelé 
hier à Bruxelles, M. Mesny fera fonction de 
secrétaire. 


Le Président se félicite ensuite de ce que 
M. Wagner ait bien voulu accepter l'invitation 
de l'Union, et il le remercie de la part importante 
quil a prise aux discussions. — Applaudisse- 
ments. 

On examine ensuite les résolutions proposées 
par les Comités exécutif et financier, ces résolu- 
tions sont adoptées à l'unanimité (?). 


Prof Appleton then presents the report of 
the Polar Year Sub-Commission (). He asks 
that the name of Dr. Dellinger should be added 
to the list of members of this Sub-Commission. 


Le rapport est adopté à l'unanimité et le nom 
de M. Dellinger est ajouté à la liste des membres 
de la Sous-Commission. 


Dr. Rayner proposes to send to the General- 
Secretary a telegram expressing the wishes of the 
Assembly for a prompt recovery. 


Cette proposition est adoptée aux applaudisse- 
ments de l'Assemblée. 


Les résolutions des Commissions T, IT, IIT et IV 
sont ensuite adoptées à l'unanimité, avec quel- 
ques corrections de détail (°), 


(! Annexes I et II, p. 108. 
(2) Annexe III, p. 108. 
(3) Annexe III, p. 110. 


Le Président fait remarquer que les régles 
énoncées dans le rapport de la Commission V (°) 
pour la préparation du travail des Assemblées 
Générales s'appliquent à toutes les Commissions, 
et qu'il y aurait lieu de les introduire dans un 
réglement intérieur que l'on pourra élaborer 
aprés les modifications prochaines des statuts. 


Prof Appleton thinks that simultaneity of mee- 
tings of the C. C. I. R. and of the U. R. S. 1. 
presents inconveniences as it prevents severals 
members of the Union from beeing present at 
every meeting. The assemblies of the two orga- 
nisations ought to have at least a few days be- 
tween. He also conveys an invitation. from 
the British National Committee that the U.R.S.T. 
should hold its next General Assembly in Lon- 
don. | 


Le Dr. Lugeon fait connaitre que l'Union de 
Géodésie et de Géophysique doit se réunir à Lis- 
bonne en automne 1933; il v a lieu d'en tenir 
compte pour éviter des chevauchements regret- 
tables. 


Le Président fait remarquer que rien ne peut 
étre décidé maintenant, et qu'on ne peut deman- 
der au Portugal d'inviter les trois organismes à 
la fois. П propose de laisser au Comité Exécutif 
le soin de régler la question en tenant compte 
des avis précédemment exprimés. 


Le Président annonce la clóture de l'Assemblée 
Générale, il estime que l'Union peut étre fiére 
du travail accompli et du programme si com- 
plet ct si plein de promesses établi pour la рге- 
miére fois. Ces résultats sont certainement dûs 
à la proportion importante de savants de grande 
valeur qui ont été groupés à Copenhague. 

П remercie de leur travail bien organisé le 


(1) Commission V. Annexe I, p. 96. 


108 


Secrétariat Général de l'Union et le Secrétariat 
Danois. Il dit au Comité National Danois la pro- 
[onde reconnaissance de l'Union pour l'accueil si 
cordial qu'elle a recu. 


Union Radio Scientifique Internationale. 


-= ————— —— — ————— — —— ——— —— 


Il adresse une particulière expression de grati- 
tude au Prof’ Pedersen et l'assure de son admi- 
ralion pour ses beaux travaux. 


ANNEXES. 
I. — Résolutions du Comité Exécutif. IV. — Resolutions of Commission 1. 
IT. — Résolutions du Comité Financier. V. -- Résolutions de la Commission IT. 


UT. — Report of U. R. S. I. Sub-Commission 
on Radio-Work during the Polar Year 
1932-1933. 


ANNEXE I. 
RÉSOLUTIONS DU 
L'Assemblée Générale décide : 


1° De maintenir dans leurs fonctions les mem- 


bres actuels du Bureau et les présidents des Com- 


missions; 


2^ Que l'Union fera tout le nécessaire pour ob- 
tenir l'adhésion de l'Allemagne et де ГО. R.S.S. 
aussitót aprés que les nouveaux statuts du Con- 
seil International des Recherches auront été 
adoptés à Bruxelles; 


ANNEXE II. 
RESOLUTIONS DU 


L'Assemblée Générale approuve la gestion 
financière du Secrétaire Général pendant l'exer- 
cice écoulé, et lui donne mission de régler l'orga- 
nisation du Secrétariat au mieux des intérêts de 
l'Union pendant l'exercice qui s'ouvre, tout en 
prenant toutes dispositions nécessaires pour évi- 
ler que les fonds actuellement disponibles ne 
soient entièrement dissipés avant l'élaboration 


des prochains statuts. 


ANNEXE III. 
REPORT OF О. В. 8.1. 


VI. — Resolutions of Commission Ш. 


Vil. —- Resolutions of Commission IV. 


COMITÉ EXÉCUTIF. 


3" De ne pas demander l'admission de l'Union 
comme membre du C. C. T. R. afin de conser- 
ver sa pleine indépendance; 

4° De faire savoir au C. C. I. R. que l'Union 
se tiendra, comme par le passé, à son entiére dis- 
position pour l'étude de tous les problémes scien- 
tifiques qui pourraient lui être posés. 


FERRIÉ, 
Président. 


COMITÉ FINANCIER. 


La publication des comptes rendus de l'Assem- 
blée Générale sera limitée à un volume conte- 
uant les. délibérations de l'Assemblée et ses 
discussions scientifiques, à l'exclusion des com- 
munications faites aux séances publiques. 


R. Мезху, 
Président 


SUB-COMMISSION ON RADIO-WORK 


DURING THE POLAR YEAR 1932/1933. 


1. The Sub-Commission, consisting of the 
following members : Prof la Cour: Prof E. V. 
Appleton (President); Commandant B. Bureau; 
Dr. А. V. Watson-Watt: Dr. B. van der Pol, was 


asked to consider the advisability of making 


wireless observations during the Polar Year, 
and, if agreeing that such measurements were 
desirable, was entrusted with the task of formu- 
lating definite proposals concerning the nature 
of the work. 


2. The Sub-Commission reporls as follows : 

а) lt is strongly recommended that scientific 
radio observations should be made during the 
Polar Year. 


b) The Sub-Commission recommends that 
measurements of Kennelly - Heaviside layer 
heights and ionization should be made during 
the Polar Year at stations as far North as pos- 
sible, and suggests .the following places : 

Tromsó; 

Scoresby Sound; 

Thule; 

Angmagssalik ; 

A station in Northern Canada; 
A station in Alaska. 


The Sub-Committee notes with satisfaction 
that the establishment of a station at Tromsö 
for making such observations has already been 
contemplated by the British National Committee, 
and that the Danish National Committee and 
the Dutch Committee for the Polar Year have 
similar projects for such work at Thule (Green- 
land) and Angmagssalik respectively. 

c) The Committee recommends that all sta- 
tions capable of making kennelly-Heaviside 
height and ionization measurements, wherever 
these stations are situated, should carry out 
such measurements as regularly as possible 
during the Polar Year and in parlicular on the 
International Days of the Polar Year. 


d) The Committee recommends that all sta- 
lions capable of recording the intensity of 
atmospherics, wherever these stations are situa- 
ted, should carry out such measurements as 
regularly as possible during the Polar Year and 
in particular on the International Days of the 
Polar Year. It is particularly desirable that the 
network of such stations should include stations 
situated as far north as possible. 


e) For aural and other measurements of radio 
signal intensities the Committee recommends 
that a long wave station and a short wave station 
in Europe and a similar pair of stations in 
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America should provide special transmissions. 
Transmisssions would be made at each hour 
during the International Davs of the first order, 
long wave emissions taking place at the even 
hour and short wave emissions at odd hours 
G. M. T. The European stations would transmit 
from 0n00 to 0n10 and the American stations 
from 0п05 and 0л15 С. M. T. (n being an 
inleger). 

It is also recommended that observations 
should be made on the special Polar Year signals 
which are to be emitted daily by Pontoise-sur- 
Oise on 28.5 metres and by Bordeaux on 18,000 
metres at 0810 and 2010 G. M. T. immediately 
after the time signals. 


It is further recommended that observations 
be made on the signals emitted every Tuesday 
from Washington at from 1900 to 2100 G. M. T. 


f) The Committee recommends that once per 
hour, whenever possible, estimates of atmos- 
pheric intensity and counts of the number of 
almospherics heard per minute should be made 
on à wave-length of 6,000 metres or above, all 
observations at the same stations being made on 
the same wave-length throughout the Polar 
Year. In the case of stations equiped only for 
short wave reception the observations should be 
made on a wave-length as near to 60 metres 
as possible, such wave-lengths likewise being 
maintained throughout the Polar Year. 


4) For the purpose of these recommendations 
(ће International Day is to be understood as 
beginning at 1600 G. M. T. Wednesday and 
ending 1600 M. G. T. Thursday. 


3. The Committee asks that in the event of its 
proposal being confirmed by the U. R. S. L, it 
may be continued in office in order that it may 
carry out the detailed organization of the pro- 
gramme and the collection and preliminary 
reduction of the resulting data. 


Dr. E. V. APPLETON, 


President. 
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RESOLUTIONS OF COMMISSION !. 


1. To confirm the importance of continuing 
the researches, in all countries, on the absolute 
measurement of frequency, and to recommend 
the frequent interchange of the results of such 
measurements. 


2. To recommend the utilisation of special 
transmissions of great constancy in connection 
with the above researches. For this purpose 
both unmodulated and modulated waves are 
considered valuable. The measurement of the 
resonant frequencies of piezo-electric quartz 
resonators, transported from country to coun- 
try is also recommended. 


3. To form an unofficial Sub-Committee of 


ANNEXE V. 
RESOLUTIONS DE 


L'Assemblée Générale décide : 

1" Que les Comités Natianaux organiseront 
des mesures de la hauteur de la couche de 
kennelly-Heaviside par la méthode de variation 
de fréquence ou par celle des échos. 

Les résultats seront concentrés par M. Аррје- 
ton qui dirigera l'ensemble des travaux. 

2" Qu'une Commission permanente composée 
de MM. Appleton et Chapman, qui pourront 
d'adjoindre d'autres personnalités scientifiques, 
étudiera les conséquences des résultats fournis 
par ces mesures, en ce qui concerne les questions 
d'ordre radioélectrique, gcophysique et astrono- 
mique que soulévent les problémes de la haute 
atmosphère. 

3° Que le Comité National Français concen- 
trera pendant une année tous les renseignements 
que pourront lui fournir les administrations et 
compagnies privées françaises sur les résultats 
du trafic, ct qu'il dépouillera ces renseignements 
pour en tirer toules conséquences utiles sur la 
propagation. 


4* Qu'une Commission de cinq membres est 


those specially concerned in transmissions and 
in the absolute measurement of frequency, in 
order to facilitate the arrangement of pro- 
grammes and the collection and discussion of 
results of measurements. 


4. It is desirable to make a comparative study 
of the various apparatus and methods used in 
the measurement of electric field intensity, in 
order to determined their merite and limitations. 
The British delegates offer to assist by the issue 
of a questionnaire and the preparation of a cri- 
tical resumé of the information received. 


Dr. Dye, 
Président. 


LA COMMISSION 1I. 


constituée pour suivre la préparation des travaux 
de l'Année Polaire et préparer la collaboration 
éventuelle à ces travaux des différents Comités 
de l'Union. Cette Commission comprendra : 
MM. Appleton, Bureau, la Cour, van der Рој, 
Watson-Watt. 

MM. Appleton et la Cour ont été désignés par 
la Commission II et les trois autres membres par 
les autres Commissions. 

5" L'Assemblée Générale décide de demander 
à M. le Prof' Wagner de faire des démarches 
pour obtenir l'émission par Nauen : 

a) De signaux trés brefs sur onde courte, 
signaux qui seraient enregistrés par le plus 
grand nombre de stations possible; 

b) De signaux spéciaux destinés à l'observa- 
tion des échos à long retard. 

Si de telles émissions sont possibles, l'organi- 
salion des expériences sera confiée aux soins de 
la Sous-Commission constituée par MM. les Prof" 
E.-V. Appleton et S. Chapman. 

R. Mesny, 


Rapporteur. 
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ANNEXE VI. 


RESOLUTIONS OF COMMISSION Ill. 


, 1. Tocontinue in office the Sub-Commission 
appointed at Brussels to design and distribute 
apparatus for atmospherics research, with the 
following (modified) membership, viz: MM. Aus- 
tin, Snyder, Watson-Watt. 

2. To nominate M. le Commandant Bureau 
as member of the Polar Year Sub-Commission. 


3. To appoint a standing Sub-Commission 
of Commission Ш with the following mem- 
bership, viz : MM. Appleton, Bureau, Lejay, 
Lugeon, Watson-Watt. To deal with the de- 
tailed execution of the projects contained in the 
following resolutions numbered 4 to 14 inclu- 
sive. 


4. a) To establish a list of all stations already 
recording atmospherics, with their me- 
thods, and 

b) A list of such stations whose installa- 
tions has definitely been decided on, 
but not completed. 


9. To scrutinise the electrical specification of 
the methods enumerated in the lists above men- 
tioned, with a view to producing a practically 
altainable specification to facilitate comparison 
of data. 


6. To further the use of universal frequencies 
for recording of atmospherics, the frequencies 
being 12 Kc/s, 50 Kc/s et 90 Kc/s. 

7. To make provision for the rapid inter- 
change of graphic data amongst participating 
stations, on a time scale of 6 cm/day. 

8. To refer to the Polar Year Sub-Commis- 
sion the proposal to make provision for special 
and exceptional observations, in addition to 
recording programmes, in particular the choice 
of « International Radio Days » related to the 
International Days of the Polar Year. 


9. To ask the French National Committee to 
hand over to the British National Committee a 
Radiocinemographe indentical with those to be 
used at Paris, Algiers, Tunis, and Zi-Ka-Wei. 

10. To ask the British National Committee to 
arrange for the operation of the instrument men- 
lioned in resolution 9 along-side the British 
apparatus, over a considerable period. 


* 11. To ask the British National Committee to 
arrange for the completest possible measure- 
ment of the characteristics of the instrument 
mentioned in resolution 9. 


12. To arrange, in collaboration with the Bri- 
tish National Committee, for the conduct of the 
simultaneous observations with photographie or 
visual cathode-ray direction-finders. In this 


. connection it is noted with satisfaction that the 


Polish, French and American National Commit- 
lees have undertaken to participate in such 
Observations, and that the Danish Committee 
hopes to participate, the Brilish observations 
being already in progress. 

13. To consider the desirability and possibility 
of the radiation of synchronising signals for 
liming the observations mentioned in resolu- 
tion 12, the French and American National Com- 
mittees undertaking to give special considera- 
tion to this problem. 


14. To arrange for the notification, with the 
least possible delay, of the occurrence of light- 
ning flashes in various countries entering into 
special cominunication with the authorities of 
the « Pic du Midi » observatory and the Swiss 


authorities on this problem. 


15. The Commission asks the General Assem- 
bly to give special confirmation to the resolu- 
tions : 

a) That simultaneous measurements on the 
net changes of the earth’s electric field, on the 
characteristics and interferent effects of atmos- 
pherics, and on the phenomena of visible light- 
ning, should be effected in close interrelation 
in as many countries as possible. 

b) That the Sub-Commission mentioned in 
resolution 3 be asked to draft detailed proposals 
to give effect to resolution 15a and 

c) That the proposals resulting from resolu- 
tions 15a and 15b should be communicated offi- 
cialy by the U. R. S. l. to the International 
Meteorological Committee and to the Interna- 
tional Union for Geodesy and Geophysics, with 
earnest request for their collaboration. 

R. А. WarsoN-W ArT, 


Rapporteur. 
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ANNEXE VII. 


RESOLUTIONS OF COMMISSION IV. 


1. Thanks to Prof" Kennelly for his report. 


2. Request Prof’ Kennelly to transmit thanks 
lo « Science Service ». 


3. Approve the French Code for Ursigrams. 


4. Approve supply of information concerning 
atmospherics by Great-Britain. 


9. Approve supply of information concerning 
Kennelly-Heaviside layer by Great-Britain. 


6. Request National Committees to facilitate 


cooperation of amateurs : for the study of short 
wave reception, for example. 


7. Request National Committees to afford 
assistance on occasions of artificial explosions. 


8. Nomination of M. Watson-Watt as mem- 
ber of the Committee of the Polar Year. 


9. Request the President and Secretary to take 
апу action considered desirable in connection 
with the Geodetic measurements of October 1933. 


Dr. RAYNER. 


SO 


MARCEL HAYEZ, Imprimeur, 112, rue de Louvain, Bruxelles. 


Union Radio Scientifique Internationale. 


ANNEXE VIII. 


113 


RÉSOLUTIONS DE LA COMMISSION V. 


1° Que les règles relatives à la préparation et 
à l'organisation des travaux des Commissions, 
contenus dans l'Annexe I, p. 96, soient suivies 
dans lavenir en ce qui concerne la Commis- 
sjon V. 


2" Que ces règles soient étendues à ГО. В. 5. 1. 
tout entiére. 


3^ Que M. Balth. van der Pol représente Ја 
V* Commission dans la Sous-Commission de 
l' Année Polaire de FU. R.S. I. 


4 Que des rapports sur les sujets suivants 
soient présentés à la prochaine Assemblée : 

a) L'étude en laboratoire des gaz ionisés. Rap- 
porteurs : MM. Appleton et- Gutton; 


b) La nature de la radiation solaire et la com- 
position de la haute atmosphère. Rapporteurs : 
MM. Chapman et le R. P. Lejay; 


c) La génération des ondes de moins de 20 сеп- 
fimétres de longueur d'onde. Rapporteur : M. 


K.-W. Wagner; 


d) Les principes du calcul opérationnel (sym- 
bolique) et son application à la Radioélectricité. 
Rapporteurs : MM. van der Pol et Wagner. 


5" De remercier M. Balth. van der Pol pour 
ses rapports sur le mouvement Brownien des 
charges électriques dans les conducteurs et sur 
les théorémes de гестргосне. 


Dr. BALTH. VAN DER Рог, 
Président. 
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INTRODUCTION 


La cinquième Assemblée Générale de l’U. R. 
S. I. tenue à Londres, en septembre 1934, 
comportait, outre l'Assemblée Générale propre- 
ment dite, des séances des cinq Commissions 
de l'Union. 

Toutes ces réunions furent tenues dans les 
installations de la Royal Society, mises gracieu- 
sement à la disposition de lU. R. S. I. 

Les pays adhérents à l'Union étaient repré- 
sentés par les personnalités dont les noms 
suivent : 


Belgique : MM. P. BAUDOUX, le Dr. R. B. 
GOLDSCHMIDT et le Prof. C. MANNEBACK ; 


Danemark : M. le Dr. D. B. la COUR; 


Etats-Unis d'Amérique : MM. L. A. BRIGGS, 
D. J. H. DELLINGER, L. ESPENSCHIED, 
R. A. HEISING, Dr. А. G. JENSEN, Prof. 
H. R. MIMNO, Prof. H. M. TURNER et W. P. 
WILSON ; 


France : MM. le Commandant R. BUREAU, le 
Lieutenant de Vaisseau HABERT, le Prof. JOU- 
AUST, le Prof. R. MESNY et l'Ing. PICAULT ; 


Grande-Bretagne : MM. le Colonel A. S. ANGWIN, 
le Prof. E. V. APPLETON, N. ASHBRIDGE, 
F. S. BARTON, O. F. BROWN, Prof. S. CHAP- 
MAN, Dr. W. H. ECCLES, T. L. ECKERSLEY, 
Prof. C. L. FORTESCUE, Prof. F. E. У. 
HACKETT, H. L. KIRKE, E. B. MOULLIN, 
Sir J. E. PETAVEL, J. A. RATCLIFFE, Dr. E. 


H. RAYNER, Dr. B. SCHONLAND, E. H. 
SHAUGNESSY, Dr. G. C. SIMPSON, Dr. R. L. 
SMITH-ROSE, L. B. TURNER, R. A. WATSON- 
WATT, Dr. A. B. WOOD; 


Italie: MM. le Dr. T. GORIO, le Lieutenant- 
Colonel A. MARINO, le Commandant C. MAT- 
TEINI et le Colonel L. SACCO; 


Japon : MM. I. KOGA, S. NAMBA, S. OKAMOTO 
. et le Prof. H. YAGI; 


Nouvelle-Zélande : M. le Dr. F. W. С. WHITE; 


Pays-Bas : MM. le Prof. Dr. Jhr. ELIAS et le 
Dr. B. van der POL ; 


Suéde : MM. l'Ing. GEJER et le Dr. H. NORIN- 
DER; 


Suisse : M. le Dr. J. LUGEON. 


M. le Prof. Dr. K. W. WAGNER représentait 
les milieux scientifiques allemands. 


Le Secrétariat Général était représenté par 
MM. le Dr. R. B. GOLDSCHMIDT, Secrétaire 
Général, et le Capitaine DORSIMONT. 


Madame le Dr. Mary Taytor, MM. L. Н. В. 
BAINBRIDGE-BELL, BARFIELD, F. M. СогЕ- 
BROOK, F. E. LuTKIN, Mac PETRIE, NAISMITH, 
PAGE, le Dr. SMITH-ROSE, J. P. VIGOUREUX, 
WaTsoN-WaTT et А. F. WILKINS, ont rempli 
les fonctions de rapporteur aux cours des di- 
verses réunions, 
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Séance Inaugurale du mardi 11; septembre 1934 


Opening Session held on Tuesday, September 11, 1934 


M. le Prof. J. C. Mac Lennan, Vice-Président 
de la Royal Society, ouvre la séance et prononce 
le discours suivant : 


The President of the Royal Society, Sir 
Frederick Gowland Hopkins, has asked me to 
express his regret to you at being absent this 
afternoon. Ît was necessary for him to attend 
the meeting of the British Association in 
Aberdeen, and во he has asked me to take his 
place. On his behalf and on behalf of the 
Council of the Royal Society, the oldest scien- 
tific Society in Great Britain, I want to tell 
you how glad we are and what pleasure it has 
given us that you decided to hold your meetings 
this year in London. We extend to you the 
warmest of welcomes to the rooms of the Royal 
Society. Your London Committee and the 
officers of the Royal Society have given much 
thought to what the amenities of the place 
could provide, and if there is anything over- 
looked or anything that you would desire to 
add to your comfort all you have to do is to 
speak to Dr. Rayner and the matter will be 
attended to at once. 

When I think of the object of this Congress, 
I, of course, have immediately in mind two 
great men. I recall Heaviside, that strange 
lonely scientist who did so much to present 
new ideas long before people were ready for 
them and that led to researches of the first order 
in later years. We also have in mind that 
charming scientist stil living —- Professor 
Kennelly — and we are very sorry that he is 
not with us to-day. Personally l regret it 
very much. I meet him at the meeting of the 
International Committee on Weights and Mea- 


sures in Paris every year, and I know what 
useful help he can contribute on occasions of 
this kind. We regret that this absence is due 
to illness, and we hope that he will soon be 
well again. This matter will be referred to 
formally in а short time by other speakers. 

We are proud, as Members and Fellows of 
the Royal Society, to include in our ranks one 
of your members, а great scientist, Dr. Eccles, 
one who has done much to verify and extend 
the ideas put forward years ago by the two 
scientists to which I have referred. I under- 
stand that the activities of the scientists who 
have taken part in the work of the Polar Year 
along the lines partially laid down by Professor 
Appleton and his associates and others, and 
which are going to be presented to us at this 
meeting, are of surpassing interest. It is 
amazing how much knowledge has been gained 
and is being gained by a study of the upper 
atmosphere through the use of radio waves. 
Personally, I have in mind studies of a cognate 
nature such as those initiated by Tisserac, du 
Bord, and followed up by others so energetically 
on the stratosphere and its constitution. I 
have in mind also the subject of the tempera- 
ture of the upper atmosphere, as dealt with 
by Lindemann and Dobson through a study 
of the flight of meteors, and I recall the veri- 
fication of their ideas by Whipple and others 
through their investigations on the reflection 
of sound waves. "Then, again, perhaps I may 
be permitted to refer briefly to what we have 
learned from a study of the radiation emitted 
during Auroral displays. 

We have in mind the names of such men as 
Stormer and others and what they have told 
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us about the state of the oxygen and the nitro- 
gen in the upper atmosphere, and the tremen- 
dous heights to which these two gases rise. 
We have in mind too the progress being made 
in studies carried out by the use of short radio 
waves, waves of the order of one metre and less. 
The penetrating power of these waves, and the 
biological effects they can produce, are all 
matters that make us realise that in the investi- 
gations in which they can be used we have a 
new field opening up of surpassing interest. 

I perhaps may be permitted to say personally 
that I should like to see you extend your work 
во that we could get long trains of continuous 
radio waves a millimetre or so in length regu- 
larly and when we wanted them, and be able 
to study their polarization and their intensity 
and ascertain their wave length with exactness. 
With radio waves even shorter than one milli- 
metre we should be able to obtain results of 
great interest scientifically. 


These are only а few thoughts that have 
occurred to me, as I have not yet had an 
opportunity of studying the papers that are to 
be presented. I am only trying to imagine 
what is in them, and I think I have said enough 
to let you know I am going to look at them at 
least with expectancy. I am sure very inte- 
resting things will be found in them. 

Now I have told you very heartily we wel- 
come you. I hope I am going to have the 
opportunity of becoming more intimately ac- 
quainted with some of you later on, but in the 
meantime, as one of the Vice-Presidents of the 
Royal Society, I extend to you again а most 
hearty welcome. 

I should like now to call upon your President Dr. 
Eccles to open your Session and take the Chair. 


M. le Dr. W. H. Eccles, Vice-Président de 
l'U. R. S. L, prend la présidence et répond en 
ces termes à M. le Prof. Mac Lennan : 

M. Vice-President of the Royal Society, 
Ladies and Gentlemen, 

My first duty is to join with Professor Mac 

Lennan in what he has said about the regret- 


table absence of Professor Kennely. This is 
not the moment to propose the sending to him 
of а message of sympathy, but I believe that 
will arise at the business meeting which follows 
this at 4 o'clock. 

And then my second duty in taking the place 
of Professor Kennelly as acting President to- 
day is to thank the Vice-President of the Royal 
Society, the Council, and the Society as а, whole, 
for so graciously placing at our disposal these 
beautiful rooms. They are exceedingly central, 
convenient, commodious, and have historical 
associations. Everyone coming here, I feel 
sure, will be proud to be in the very rooms that 
have witnessed the announcement of many 
great discoveries, and that have accommo- 
dated во many eminent men of all nationalities. 
We thank you, M. Vice-President, most cor- 
dially for the overwhelming hospitality of the 
Royal Society, and for the courteous words 
in which you have expressed your welcome. 


The third task before me is one that I can 
do very indifferently as compared with Profes- 
sor Kennelly, because he has probably a longer 
experience of wireless telegraphy than any one 
of us here. I remember him telling tne that 
he remembered the announcement of the pro- 
duction by Hertz of electromagnetic waves, 
and their detection. He told me too about 
the shock it was to the scientific world to hear 
of these results. It seems to have been as 
great a surprise to our fathers as the announce- 
ment of the relativity principle was to us 4 
generation later. 

The only thing anticipating Hertz’ discovery 
was the treatise of Maxwell and certain papers 
of his. The Maxwell equations were regarded 
as highly imaginative and theoretical, and 
scarcely likely to be realised in а short time, if 
at all. But after 1888 many prophets arose 
prophesying the imminent advent of practical 
wireless telegraphy by Hertzian waves, but the 
proposals were scarcely feasible until Branly 
showed that filings with two electrodes stuck 
into them proved to be a very sensitive detector 
of Hertzian waves. 
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Then I think we can say that the next great 
step was at the British Association's meeting 
at Oxford in 1894, exactly 40 years ago this 
week, when Oliver Lodge demonstrated the 
sending of Morse signals across а few hundred 
yards in an Oxford quadrangle. Lodge assem- 
bled а transmitter which consisted of а Hertz 
oscillator, а spark gap and induction coil, 
with а morse key and battery in the primary 
of the induction coil. By that means he 
could send messages by dots and dashes. He 
assembled also a receiving apparatus, & Hertz 
oscillator, tuned to resonate to the primary 
oscillator, just as Hertz had done. He took 
Branly's coherer and combined it with an ordi- 
nary telegraph relay, commonly called a Post 
Office relay, and а recorder. The minute 
currents from the coherer operated the relay 
and closed the contact, which permitted a 
heavy current to flow through the electro- 
magnet of the recording apparatus, and this 
made ink marks on the moving tape. Thus 
messages in dots and dashes were transmitted 
for the first time. Although it was an experi- 
mental apparatus, not a practical apparatus, 
I think we may say that Lodge was the first 
of the wireless engineers. He took known 
principles and apparatus and combined them 
to produce а useful result. His receiver is the 
prototype of all modern receivers because it 
contains a resonant circuit, a detector, а relay 
or amplifier, and an indicating apparatus or 
printer. Those items appear even in the most 
modern receivers. Very quickly following Lod- 
ge, engineers in all countries made the sender 
bigger and more powerful, and made the 
receiver more sensitive, more robust, more 
practical. They did not alter the details very 
much but improved the various items. After 
1894 not only engineers but physicists also 
were attracted into the subject, and it was out 
of this attraction of physicists, I think, that the 
U. R. S. I. has arisen. 


Some of the problems appealing to physicists 
arose out of the difficulties that had stopped 
the progress of the engineers. Many of the 


results that the engineers achieved too, such as 
reception by crystal contact detectors, were 
mysterious and attracted investigators. But 
the efforts of the physicists of those days, from 
1900 to 1910 say, were sporadic. Physicists 
Studied portions of the subject that came to 
their notice by chance. As a fact, it was soon 
found that many of the big problems that 
confronted the engineers could not be touched 
without co-operation between widely separated 
workers. For instance, the study of atmosphe- 
rics, is scarcely possible in an ordinary small 
country : we need a country as big as Russia to 
do it properly. And other problems, such 
as the propagation of waves, require co-ope- 
rative efforts among workers in different coun- 
tries. And so in 1912, on account of this feeling 
that wider co-operation was necessary, the 
British Association at the Dundee meeting 
appointed à Committee for an investigation of 
radio telegraphy phenomena. Oliver Lodge was 
Chairman and the Committee at first limited 
itself to work in the British Isles. Then in 
the course of six months it extended its work 
to America so as to get a contact with trans- 
Atlantic signals. Then it extended to shipping 
lines that went to different parts of the earth, 
so that after а year the Committee found that 
it wanted the whole globe for its province and 
perhaps a little more than that. With conside- 
rable aplomb or self-confidence the Committee 
began to arrange for observations on atmosphe- 
rics and the propagation of waves, in practically 
very large country, the work culminating in 
an attempt to arrange for observers to take 
simultaneous observations of the effects of the 
eclipse of August 1914. By March, 1914, 
instructions for observations of the August 
eclipse were sent to outposts in practically 
every country and great attention was paid 
to the principal countries of Europe. The 
eclipse crossed from North to South through 
Scandinavia and was therefore very favourably 
placed for European observations. But the 
War arrived a few days before the eclipse and 
utterly smashed all the proposals for making 
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wireless observations in Europe. There were 
a few observations made in America, Australia 
and Japan, but when they were analysed after 
the War it was found that they showed no 
trace of wireless propagation being affected 
by the eclipse so distant from them. 


Quite independently of the work of the Bri- 
tish Association Committee, another event very 
important to this Union occurred in 1914. 
This was the inspiration of Dr. Goldschmidt, 
who is with us to-day, to invite a number of 
radio men from several European countries to 
meet at Brussels and discuss long-distance radio 
transmission problems. They met at Easter, 
1914, at Dr. Goldschmidt’s Laeken Station 
near Brussels, and the principal discussions 
ranged over the possibilities of, and the proper 
apparatus for, communicating with the Belgian 
Congo. General Ferrié and Professor Abraham 
came from France, M. Duddel, Marchant, and 
myself from England, Professor Max Wien and 
Schmidt from Germany, Professor Benndorf 
from Austria; quite а number of people who 
had hitherto only known each other by name. 
We found from those meetings in Brussels that 
there are certain vivid advantages about oral 
communication as compared with written. 
That meeting alone was sufficient to convince 
me of the importance of having delegates from 
various countries actually meeting each other 
in order to discuss problems that cannot be 
discussed fully and frankly on paper. 

After the War, the British Association Commit- 
tee struggled to revive, and made an endeavour 
to track the effect of the eclipse of 1919 on wire- 
less propagation, but it was soon found that 
it was not a suitable body for international 
work. Fortunately there was a movement 
started among purely scientific men to establish 
international unions in certain pure sciences. 
There was one designed for physies, another 
for chemistry and another for biology. Sir 
Arthur Schuster was Secretary, and as a mem- 
ber of the British Association Committee he 
knew all about its work and how it had started, 
and came to know of Dr. Goldschmidt’s Commit- 


tee. So he agreed readily that there ought 
to be а body for the study of radio science inter- 
nationally. 

Although he listened very sympathetically 
to those of us who wanted to make this Union 
a very important body, he believed, I think, 
at the time, that its proper place was as a 
Sub-Section of the Union for Physics. Howe- 
ver, the nucleus of ап independent Union for 
radio already existed in Dr. Goldschmidt’s 
Committee, and that fact gave those of us who 
were anxious to obtain independence a strong 
claim to autonomous status. There were many 
consultations with Sir Arthur Schuster in Brus- 
sels, Paris and London, and in the result radio 
science was not subordinated to physics but 
given the same status as the great sciences. To 
outside observers it might seem strange when 
they read the list of the Unions that wireless 
has got this status in the scheme. It is not as 
if it were а border-line subject between physics 
and biology, say, incapable of being accommo- 
dated in either. It could easily have entered 
the Union for Physies, but there were good 
grounds for independence. 

The first reason was that two organizations 
already existed and had done good work before 
the War — and the second reason was that the 
study of the propagation of wireless waves 
across long distances, makes the observational 
work intrinsically international] to a much 
greater extent than the rest of physics. 

I think also it must seem strange to outside 
observers when they read the list of the Unions 
that our science is the only one of them with 
a strong engineering flavour. There is no 
Union for the science of the internal combustion 
engine, for instance. There is no Union for 
ship-building science. In fact it is the only 
Union inside the select circle which embraces 
an applied science. 

I think that it was a bold step to create this 
Union. It meant mixing two types of men — 
the engineer and the physicist — and this 
might promise disunion rather than union. 
This difficulty was discussed in full and is 
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now seen to be more apparent than real. As 
a fact it solved itself by many radio engineers 
becoming physicists, and many physicists beco- 
ming engineers. These metamorphoses were 
greatly facilitated by the training the War 
had given to hundreds of men from physical 
and electrical engineering laboratories in every 
country who had entered wireless during the 
struggle. It is noteworthy that many of the 
physicists who entered wireless during the War 
never went back to pure physics. They per- 
manently took the wrong turning. 


It is largely because of the fascination of these 
wireless problems for physicists that the Inter- 
national Scientific Radio Union has become 
such а great success. The subject especially 
lends itself to interaction between physicists 
and engineers. There are many examples. As 
one example I might mention that when Lenard 
about 1900 introduced а grid into а photo- 
electric tube во as to accelerate the electrons, 
and then investigated their motion and nature 
after they had come through the holes in the 
grid, he thereby invented the principle of the 
triode ; and when von Baeyer in 1907 conveyed 
this principle (quite intentionally) from the 
photoelectric tube to the thermionic tube he 
unknowingly constructed an amplifier tube. If 
you make up, as I have done, some of von 
Baeyer's tubes according to the specification 
in his paper they are very good amplifiers. 
A few months earlier than von Baeyer, de 
Forest introduced а grid into а soft vacuum 
tube for the purpose of improving its detecting 
efficacy, but strangely enough his tube was less 
practical than von Baeyer's tube, which did not 
enter engineering practice until some years 
later. That is an instance where physicists 
have unintentionally introduced principles and 
apparatus into wireless engineering. Аз ano- 
ther example one might take an experiment of 
J. J. Thomson, who deflected a stream of elec- 
trons into а small metal box in order to count 
them. When ће did that he was anticipating 
von Lieben's amplifier, which worked on preci- 
sely that principle. 


One can take other examples directed in the 
opposite direction. For instance, when it was 
found necessary towards the end of the War to 
stabilise electric oscillations by means of mecha- 
nical objects in vibration, the physicists solved 
the problem on demand. In that case the 
action by the physicists was intentional. But 
the mutual relationships could be multiplied 
indefinitely, and the result on the whole is that 
there has been à vast network of such relation- 
ships established ; which explains why to this 
day the combination of engineers and physicists 
like this Union has been so stable. 


Another fear I might mention that weighed 
upon the founders of these Unions when they 
came to consider the possibility of а Radio 
Union, was that membership might be limited, 
and the presentation of valuable communica- 
tions made difficult, by the fact that many 
prospective members were engaged in the 
employ of large industrial firms. Тв fear 
has also proved baseless. Many of our most 
valued members are employees of engineering 
firms. It speaks very well for the public spirit 
of the great industrial corporations that they 
permit their men to communicate to this Union 
many valuable and original papers. 

This Union has recently taken a very im- 
portant part in the second Polar Year. At the 
date of the first Polar Year 50 years ago Hertz 
had not created, detected and measured electro- 
magnetic waves, so radio played no part in 
that Polar Year, although atmospherics were 
doubtless running about the globe and although 
the ionosphere was present and awaiting inves- 
tigation. In the second Polar Year the study 
was organized by а special sub-commission of 
this Union and the results will form the subject 
of communications at the technical meetings 
during the coming week. The results of this 
work are so important that it seems desirable 
to keep the sub-commission in being and to 
make Polar Year work a continuous operation 
as far as possible. 

Another great piece of work recently carried 
through by the Union was that upon the solar 
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eclipse of 1932. Preparations must begin al- 
most at once for the 1937 eclipse. Beside the 
two great efforts mentioned there has been 
much work on atmospheries, on laboratory 
methods, on the propagation of waves over 
great and small distances, on the generation of 
very short waves, and on certain mathematical 
matters relating to wireless problems. "These 
are sufficient to demonstrate to the world that 
our Union has thoroughly justified its existence. 

We have all met here to carry through a 
heavy programme of technical work and social 
engagements. Dr. Rayner is in charge of these 
last matters especially, and he has taken a full 


load of the work. So I will ask him to tell us 
something of our programme of excursions and 
something of our duty towards the office in 
keeping the office and him in touch with us. 


Après ces paroles, M. le Dr. E. H. Rayner, 
Président de la Commission I et du Comité de 
Réception, expose à l'assistance l'organisation 
et les horaires prévus pour les travaux de la 
Ve Assemblée Générale, ainsi que ceux des 
excursions et visites projetées. 

Des applaudissements accueillent son exposé. 

Les débats se poursuivent par une séance 
administrative. 
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Séance Administrative du mardi 11 septembre 


Business Meeting held on Tuesday, September 11 


La séance est ouverte à 4 heures, sous la 
présidence du Dr. Ессгеѕ, Vice-Président de 
PU. R. S. I. 


Dr. Eccles. — The first item of business for 
the meeting is to send & message to Professor 
Kennelly from thegathering. Professor Apple- 
ton has kindly written out a motion to which 
I think all will agree. 

« To Prof. Kennelly. The members of the 
U. R. S. I. gathered in London send an expres- 
sion of affectionate regard to their absent 
President, and greatly deplore both his absence 
and the reason for it. They wish him a speedy 
and complete return to his usual health and 
activity. » (Agreed). 

The next item of business is to ask Professor 
Appleton, to give us а communication of our 
future work. 


Prof. Appleton. — Mr. President, Gentlemen, 
Dr. Rayner's concern has been to see that you 
have plenty of entertainment and it is now my 
concern to see that, no only are you entertained 
but that you do some work, and so I want to 
say a few words about the organization of the 
programme. First I want you to have in 
your hands the little book which has the pro- 
gramme of work. 

You will see that on Friday September 
14th in the morning we are to discuss the results 
of the Polar Year. It is quite clear that that 
discussion is going to be a long and important 
one and there will be quite a number of commu- 
nications from many countries, and it seems 
to me that the afternoon also should be used 
for the same discussion. In the afternoon we 
have Commission III, and Commission III has 


a lot of work to do, so I propose that we make 
Commission III the Tuesday morning Sep- — 
tember 18th at 9.45 a. m. Commission IV will 
be put back to Friday because it has, so far as 
we know, no work to do this session. 

The next announcement deals with the work 
to-morrow morning, Wednesday September 
12th, short meetings of Commission I, II, 
III and V. I hope the President of each Com- 
mission will decide beforehand how the 3/4 hour 
to be given to each Commission will be used. 

Organization of work; Number of Sub- 
Commissions; Personnel of Sub-Commission 
and time of first meeting of Sub-Commissions. 
It will be necessary to have extra meetings of 
certain Commissions, e. g. Commission Il. 
I think it is essential that extra meetings of 
the commissions should not overlap, but Sub- 
Commissions will have to overlap very conside- 
rably. For such meetings we have 3 rooms, 
A, B and C, for Sub-Commissions. Meetings 
of the Commissions will be held in this room. 
Rooms open for working in until 8 p. m. 

There is the business side of the Union's acti- 
vities. There will be meetings of the Execu- 
tive and Finance Committees. I should like 
members of the Executive Committee and 
Finance Committee to hand in their names to 
M. Dorsimont before leaving the building. 
The first meeting of the Executive Committee 
will take place to-morrow evening at 5.30 p. m. 
(Wednesday September 12th). 


Le Dr. Goldschmidt, Secrétaire Général, donne 
lecture de son rapport sur l'activité de l'U. R. 
S. I. (1) 


(!) Voir page 10. 
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Prof. Appleton. — I am sure we are extre- 
mely indebted to the General Secretary for 
this very extensive and intimate survey of 
our activities, but of course the sad part of it 
to me is the state of our finances, and I think 
that one of the most important duties of the 
Executive Committee will be to see that sufficient 
money is coming in. I would like to remind the 
members of the Executive Committee of the very 
important meeting to-morrow evening at 17.30. 


Dr. Eccles. — It is impossible to discuss the 
proposed alterations to the Statutes or to dis- 
cuss the financial budget and accounts until 
after the Executive Committee has met. Will 
the meeting consent to the Executive Commit- 


tee considering this carefully and tendering 
to the General Assembly a reasoned report ? 
(Agreed). 

That concludes the business of this meeting. 


Dr. Van der Pol. — I have had a letter from 
Professors Mandelstam and Papalexi that they 
are unable to be present but they send an 
extensive report on their work for discussion 
in Commission V. From Professor Krylofi, 
I received a letter stating that he was trying 
to come to London now but he has also sent 
me a report which I have here and which can 
be distributed amongst the members. Бо far 
neither Professor Mandelstam, Papalexi nor 
Kryloff are present. 


RAPPORT DU SECRÉTAIRE GÉNÉRAL 


CHAPITRE I 


ACTIVITÉ DU SECRÉTARIAT GÉNÉRAL 


La IVe Assemblée Générale de U. R. S. L., 
tenue à Copenhague en 1931, avait adopté au 
cours de sa séance de clóture, une série de réso- 
lutions, groupées par Comité ou Commission, et 
la Ve Commission y avait proposé et rédigé un 
réglement qui devait servir de base à la prépa- 
ration des travaux de la présente Assemblée (!). 

Le Secrétariat Général a pris à cœur de se 
conformer, autant qu'il le pouvait, à l'expres- 
sion du désir unanime des Membres де ГО. R. 
S. L, et vous présentera le rapport succinct de 
son activité en suivant l'ordre des Annexes n? I 
à XII du Compte-rendu de la séance pléniére 
de clôture de la IVe Assemblée Générale (?). 


1. — Annexe I. Résolutions proposées 
par le Comité Exécutif 


L'Assemblée Générale avait décidé de main- 


tenir dans leurs fonctions les Membres du Bureau 
et les Présidents des Commissions. 


——— 


(1) U. R. S. I., vol. III, р. OT ct 110. 
(2) Idem, p. 108. 


Une douloureuse fatalité s'est opposée à la 
réalisation de ce vœu. Le 16 février 1932, notre 
vénéré Président, le Général Ferrié était enlevé 
par un cruel destin à notre sincére admiration 
et à notre profonde affection. 

Le Général Ferrié était non seulement le 
premier Président de notre association mais, en 
réalité, il en était le fondateur. C'est lui qui fit 
acquérir à l'Union son caractère hautement 
utilitaire et universel indiscuté, et il sut grouper 
sous son égide les savants les plus éminents du 
monde entier spécialisés dans la science qui 
nous est chére. 


Redire ici son róle primordial, montrer son 
influence animatrice, rendre tangible d'une 
facon compléte la haute valeur de ва si compé- 
tente direction et des conseils éclairés qu'il ne 
cessait de prodiguer est une táche qu'un rapport 
tel que celui que j'ai l'honneur de vous faire ne 
pourrait, hélas, pas entreprendre. 

Je compte sur vos sentiments de pro- 
fonde reconnaissance, Messieurs, pour аррге- 
cier toute l'étendue de la précieuse et inou- 
bliable collaboration du regretté Général Ferrie 
et comprendre que les débats qui s'ouvrent 
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aujourd'hui, vont encore se poursuivre impré- 
gnés de sa haute pensée, à laquelle ils doivent 
leur ampleur remarquable, leur intérét profond 
et leur haute valeur scientifique. 

C'est devant cette perte immense que 0. R. 
S. I. et son Secrétariat Général se sont trouvés 
peu aprés la IVe Assemblée Générale. 

П fallait au cher disparu un successeur ca- 
pable de reprendre son róle primordial et de 
poursuivre son ceuvre. 

Les Etats-Unis d'Amérique, en la haute 
personnalité de M. le Dr. L. W. Austin, ont 
répondu à notre appel. Vice-Président de 
PU. R. S. I., doté de l'autorité scientifique que 
son nom évoquait immédiatement dans le 
monde entier, le Dr. Austin accepta d'étre 
pour nous un guide compétent, plein de clair- 
voyance et de sollicitude. 

Hélas, à peine avait-il pris la haute direction 
de notre Union qu'il tombait lui aussi, frappé 
par le sort le 27 juin 1932. 

Nous le regrettons amérement non seulement 
pour lui-méme, le plus précieux des amis de 
PU. R. S. I., mais aussi pour la science profonde 
qu'il nous eût apportée et la précision de son 
esprit clairvoyant qui aurait ordonné nos 
travaux. 

C'est alors que nous tournant à nouveau vers 
les Etats-Unis, nous avons sollicité M. le Prof. 
A. E. Kennelly de bien vouloir se charger de la 
lourde responsabilité de la double succession. 
П hésita longtemps, mais devant notre insis- 
tance il acquiesça. 

Selon l'usage, le Secrétariat Général lui 
offrit ва démission, mais il nous pria de pour- 
suivre la táche à l'accomplissement de laquelle 
nous continuons à mettre tout notre dévoue- 
ment. 

Sa présence était pour ТО. R. S. I. un gage 
sür de continuation des traditions de travail, 
qui avaient jusque-là été celles de notre Union. 

Peu aprés le décés de son premier Président, 
l'U. R. 5. I. vit encore, avec douleur, disparaitre 
M. le Dr. Dye, Président de la premiére Com- 
mission de notre Union. Le souvenir du cher 
disparu est encore trés vivant parmi nous car 


> 


la dernière Assemblée Générale nous l'avait 
montré si affable et si dévoué à notre activité. 
Le Comité National Anglais et avec lui l'Union 
entiére, ont perdu un savant érudit, un Membre 
des plus actifs et un Président écouté. 

M. le Dr. E. H. Rayner, à notre demande, 
& bien voulu se charger de la fonction qu'avait 
assumée le Dr. Dye. 

La fatalité s'est ainsi acharnée contre les 
voeux émis par notre derniére Assemblée Géné- 
rale et le Secrétariat Général à connu une longue 
période oü son activité s'est concentrée prin- 
cipalement à assurer, malgré les rudes coups 
du destin et au prix d'efforts persévérants, la 
continuité indispensable à l'aboutissement des 
travaux, constituant en quelque sorte l'hom- 
mage ultime de l'Union à la mémoire des chers 
disparus. 

Des propositions nouvelles du Comité Exé- 
cutif sont désirables pour garantir cette con- 
tinuité et je me permettrai de les signaler à la 
fin de ce rapport. | 

Le Secrétariat Général pour répondre au 
29 des Résolutions du Comité Exécutif a 
entrepris des démarches afin d'obtenir l'adhé- 
sion de nouveaux pays à О. R. S. I. | 

L'Union des Républiques Soviétistes Socia- 
listes et l'Allemagne ont été pressenties. 

Les pourparlers n'ont pas encore abouti avec 
l'U. R. 5. S. Toutefois, gráce à l'aimable inter- 


vention de M. le Dr. van der Pol, qui a bien 


voulu nous aider de son influence, MM. les 
Prof. Kryloff, Mandelstam et Papalexi, émi- 
nents délégués де ГО. К. S. S., ont bien voulu 
participer aux travaux de notre Assemblée 
Générale et s'ils ne sont pas parmi nous, les 
études qu'ils nous ont envoyées témoignent 
de l'intérêt que ces savants portent à notre 
Union. 

Pour ce qui concerne |’ Allemagne, nous avons 
fait part à M. le Prof. Wagner de ce que la modi- 
fication des statuts du Conseil International 
des Unions Scientifiques, permettait l'adhésion 
de l'Allemagne à PU. R. S. I. 

Il semble se dégager d'une récente corres- 
pondance que M. le Prof. Wagner est sur le 
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point de réussir dans les démarches qu'il fait 
activement auprés de son gouvernement et 
peut-être a-t-il, à l'heure présente, une heureuse 
nouvelle à nous annoncer. Nous le souhaitons 
vivement pour le grand profit que procurerait 
la présence d'éminentes personnalités scienti- 
fiques dont la collaboration nous serait ainsi 
acquise. 

Grâce à l’heureuse intervention du Comité 
National Français, auquel nous exprimons notre 
gratitude, un Comité National Marocain а été 
constitué. | 

Nous espérons aussi pouvoir à bref délai 
compter parmi nous des représentants de la 
nation Polonaise. M. le Dr. Lugeon a bien voulu 
nous promettre son aide pour amener cette 
précieuse adhésion. 


2. — Annexe II. Résolutions proposées 
par le Comité Financier 


Le Secrétariat Général avait pour mission 
d'assurer l'existence financière de lU. R. S. I. 
jusqu'à la présente Assemblée. 


Je ne pourrais dire que « c'est chose faite ». : 


Les temps si durs pour toutes les nations de 
l'Univers que nous subissons en ce moment, 
ont une sévére répercussion sur notre situation 
financiére. 

Deux Comités Nationaux, l'Australie et 
l'Union Sud-Afrieaine, ont dû cesser toute 
coopération officielle par suite du manque de 
crédits. Nous continuons cependant à leur 
faire part des décisions essentielles de notre 
Union et nous leur avons fait savoir que nous 
considérions leur abstention comme purement 
temporaire et provisoire et que leur retour, 
dés les temps meilleurs, était attendu et 
souhaité ardemment par tous nos adhérents. 

Comme vous le montreront les bilans des 
exercices 1931-1932, 1932-1933, 1933-1934 — 
annexés au présent rapport (!), plusieurs Comi- 
tés Nationaux n'ont pas effectué le payement 
de leurs versements statutaires. 

D'autre part, malgré nos efforts, la vente du 


(!) Voir. p. 18. 


Volume III, issu de l'Assemblée Générale de 
Copenhague, па pas été rémunératrice, — 
139 volumes seulement ont été vendus. 

Il serait souhaitable de voir les Comités 
Nationaux s'engager à assurer effectivement 
l'achat partiel de l'édition, ainsi que cela fut 
déjà demandé lors de la IVe Assemblée Générale. 

Malgré cet état de choses, gráce aux plus 
strictes économies, grâce au désintéressement 
des collaborateurs techniques du Secrétariat 
Général, — auquel je rends ici un hommage 
public — réduisant spontanément leur rétri- 
bution, gráce aussi à ce que leur nombre a pu 
étre ramené de trois à deux, cette année nous 
avons pu remplir la mission qui nous fut confiée. 
Mais c'est avec une réelle insistance que nous 
vous soumettons l'urgence d'une augmentation 
de la contribution statutaire ou toute autre 
mesure en raison des prévisions peu rassurantes 
que nous ne pouvons négliger d'envisager. 


3. — Annexe IV. 
Résolutions de la Commission I 


L'activité des Commissions au cours des 
années 1932-1933 et 1934 s'est manifestée par 
des travaux résumés par les nombreux docu- 
ments qui nous ont été adressés en vue des 
débats de la présente Assemblée Générale et 
que vous avez en mains (1). 

Les sujets suivants ont été proposés pour les 
travaux de la Commission I : 
par son Président : 

1) Utilisation d'émissions radio-électriques a 
grande stabilité de fréquence de l’onde porteuse 
ou de modulation, (a) en vue de comparaisons 
internationales et (b) en vue de l’étude de 
phénomènes physiques. 

2) Utilisation simultanée de deux ou de 
plusieurs fréquences porteuses modulées par 
la même source, en vue des buts proposés en 1. 

3) Valeurs des fréquences porteuses et des 
fréquences de modulation à utiliser pour réaliser 
les 1 et 2. 


(1) Voir listes de ces documents p. 28, 31, 60, 82. 
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4) Utilisation de quartz et d'autres oscillateurs 
dans des buts astronomiques et géodésiques. 

5) Utilisation d'émissions radio-électriques 
dans des buts astronomiques et géodésiques. 

6) Stabilisation des fréquences de l'ordre de 
1000 mégacycles par seconde (0,3 métre de 
longueur d'onde). 

7) Mesure de l'intensité du champ électrique 
aux radio-fréquences. 
par le Comité National Américain : 

1) Définition de la hauteur effective d'une 
antenne. 


2) Mesure de l'efficacité du rayonnement 
d'une antenne le long du sol et suivant un 
angle avec celui-ci. 

3) Mesures radio-électriques aux fréquences 
ultra-hautes. 

4) Méthodes de mesures des logarithmes et 
des autres constantes des plaques de quartz. 

5) Ponts de radio-fréquences. 


4. — Annexe V. 
Résolutions de la Commission II et 


Sous -Commission del'Année Polaire. Annexe III | 


Sujets proposés pour les travaux de la 
Commission II : 


par son Président : 

1) Mesure des hauteurs de la couche de 
l'ionosphére. 

2) Relations entre les hauteurs des couches 
et les autres données cosmiques et géophysiques. 


3) Données sur la propagation résultant du 
trafic commercial (Comité National Frangais). 


4) Année Polaire (Sous-Commission). 

5) Echos à longs retards. 

6) Intensités des ondes reçues en fonction 
de la fréquence, du temps, etc... 

7) Relations entre les intensités des ondes 
recues et d'autres données cosmiques et géo- 
physiques. 

8) Variations dans la direction et la polari- 
sation des ondes. 

9) Eclipses. 


par le Comité National Américain, en plus des 
sujets proposés ci-dessus : 
Effets directifs dans le plan vertical et 
variations avec les troubles magnétiques. 


5. — Annexe VI 
Résolutions de la Commission III 


Sujets proposés pour les travaux de la 
Commission III : 


par son Président : 


1) Enregistrement des atmosphériques : 
a) Méthodes ; 
b) Choix des fréquences centrales ; 
c) Echange d'enregistrements entre les orga- 
nismes intéressés. 
2) Atmosphériques venant d'une direction 
fixe dans l'espace interstellaire. 
3) L'étude des phénomènes de l'éclair. 
Cette discussion portera sur les deux études 
suivantes : 


a) « La nature des atmosphériques telle qu'elle 
est vue par l'oscillographie à rayons catho- 
diques » par le Prof. E. V. Appleton et 
M. R. A. Watson-Watt. 

b) « Quelques résultats d'enregistrements oscil- 
lographiques à rayons cathodiques effectués 
en Suéde » par le Prof. H. Norinder. 

4) « Localisation de sources par goniométres 

à rayons cathodiques ». Cette discussion sera 

ouverte par M. R. A. Watson-Watt. 

par le Comité National Français : 


1) Enregistrement quotidien : 
a) Réseau de stations ; 
b) Méthodes ; 
c) Ondes internationales d'enregistrement ; 
d) Echange des résultats. 
2) Goniométrie : 
а) Goniométrie instantanée ; 
b) Goniométrie moyenne. 
3) Rapports entre les atmosphériques et la 
propagation des ondes : 
a) Influence de la propagation sur l'évolution 
des atmosphériques ; 
b) Influence des sources (éclairs et autres dé- 
charges) sur l'ionosphére et la propagation. 
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par le Comité National Américain : 
1) Enregistrement des atmosphériques : 
a) Méthodes ; 
b) Emploi де 12, 50 et 90 ke/s pour l'obser- 
vation ; 
c) Echange d'enregistrements entre les orga- 
nismes intéressés. 
2) Localisation de sources par goniométres 
à rayons cathodiques. 
3) Etude des phénomènes de l’éclair. 
4) Atmosphériques venant d'une direction 
fixe dans l'espace interstellaire. 


6. — Annexe VII 
Résolutions de la Commission IV 


Sujets proposés pour les travaux de la 
Commission IV : 


par le Comité National. Américain : 


1) Codes pour Ursigrammes. 

2) Extension du service des Ursigrammes 
(données sur les atmosphériques et l’ionosphère 
fournies par la Grande-Bretagne). 

3) Etude de la réception à haute fréquence 
par les amateurs, etc... 

4) Mesures de longitude par la radio. 


7. — Sujets proposés pour les travaux 
de la Commission V 


par son Président : 

1) Discussion du rapport de MM. Appleton 
et Gutton sur « L'étude en laboratoire des gaz 
ionisés ». 

2) Discussion du rapport de MM. Chapman 
et le R. P. Lejay sur « La nature de la radiation 
solaire et la composition de la haute atmo- 
sphére ». 

3) Discussion du rapport de M. le Dr. K. W. 
Wagner sur « La génération des ondes de moins 
de 1 métre de longueur d'onde ». 

4) Discussion du rapport de M. van der Pol 
sur «Les principes du calcul opérationnel 
(symbolique) et son applieation à la radio- 
électricité ». 

5) La théorie non linéaire des oscillations 
électriques. 


par le Comité National Américain : 

1) Données de laboratoire sur les gaz ionisés, 

2) La nature de la radiation solaire et la 
composition de la haute atmosphére. 

3) Génération d'ondes inférieures à 20 centi- 
métres. 

4) Calcul opérationnel en radio. 


Une remarque toutefois doit étre faite au 
sujet des documents reçus par le Secrétariat 
Général en vue de cette Assemblée. 

Dans le but de faciliter les travaux auxquels 
vous allez avoir à vous livrer, les documents 
envoyés par les Comités Nationaux, les Prési- 
dents de Commissions, les Membres de l’U. R. 
S. L, devaient étre traduits, reproduits et 
distribués avant l'Assemblée Générale. 

En prenant cette décision, notre estimation 
approximative du nombre des travaux nous 
permettait de ne pas craindre les conséquences 
pécuniaires de cette disposition. 

П arriva toutefois que la quantité de mé- 
moires, leur étendue, la multiplicité des planches 
et graphiques qu'ils comportent et dont la 
reproduction est coüteuse, dépassa largement 
nos prévisions. Si d'une part nous nous en som- 
mes sincérement réjouis, les présents débats 
devant s'ouvrir préparés par une activité 
remarquable des Commissions, nous avons di, 
d'autre part, en derniére heure, modifier nos 
projets pour d'impérieuses raisons budgétaires. 

Nous avons été amenés ainsi à solliciter des 
expéditeurs l'envoi de leurs documents en multi- 
ples exemplaires et surtout des graphiques en 
nombre suffisant d'exemplaires. En effet, il 
n'eüt pas été possible pratiquement, faute de 
temps et de ressources, de reproduire tous les 
graphiques, planches, photographies, etc... joints 
aux documents. 

Nous nous sommes bornés, quand il n'a pu 
être fait mieux, à les reproduire en quelques 
exemplaires seulement par des procédés de 
photographie industrielle. De cette facon, il y 
en aura suffisamment ici pour assurer la com- 


préhension et la clarté des discussions. 


Veuillez excuser ce contre-temps, amené par 
des raisons majeures d'économie forcée. 
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8. — Relations avec d'autres organismes 
scientifiques 


a) Conférence Radiotélégraphique | Internatio- 
nale de Madrid, Septembre 1932. — Lors de la 
réunion à Madrid, en Septembre 1932, de la 
Conférence Radiotélégraphique Internationale, 
le Ministére des Communications de la Répu- 
blique Espagnole avait invité ГО. R. S. I. à 
y envoyer des délégués pour assister aux débats. 


Il fut décidé, aprés consultation des Comités 
Nationaux, que les Membres de l'U. R.S.I. assis- 
tant à l& Conférence, y représenteraient notre 
Union et y agiraient éventuellement en son 
nom. 


Aucun document n'a résulté de cette coopé- 
ration. 


b) Commission Electrotechnique Internatio- 
nale, C. E. I. — La Commission Electrotech- 
nique Internationale avait été sollicitée, à 
l'initiative du Comité Electrotechnique néer- 
landais, de réunir les organismes internationaux 
intéressés à l'étude des « Perturbations dans 
les Radio-Réceptions ». | 

L'U. R. 5. I. fut invitée à prendre part à 
ces discussions. À la suggestion de notre regretté 
Président, M. le Général Ferrié, et aprés consul- 
tation générale des Comités Nationaux, notre 
Union ne prit pas part à ces travaux pour des 
raisons statutaires. 


c) Conseil International des Unions Scienti- 
fiques. — Le Secrétariat Général s’est tenu en 
relation permanente avec le Conseil Interna- 
tional des Unions Scientifiques à qui il a fourni, 
autant qu'il le pouvait, des renseignements 
sur ses travaux, la composition des différents 
Comités et Commissions de notre Union, nomi- 
nation de représentants de Т0. R. S. I. auprès 
de différents organismes internationaux (Com- 
mission des Relations entre les Phénoménes 
Solaires et Terrestres Comité des Instru- 
ments et Méthodes) créés par le Conseil. 

Le Conseil International des Unions Scienti- 
fiques, à tenu à Bruxelles, en juillet dernier, 
une Assemblée Générale et Ја réunion de son 
Comité Exécutif. 


А cette occasion, une notice de propagande, 
relatant l'activité des Commissions де l’U. R. 5. 
I. а été distribuée par nos soins au siége méme de 
ces réunions à Bruxelles. 

10. R. S. I. a été heureuse de se présenter 
ainsi en témoignant de son ardeur à la táche et 
de la haute signification scientifique et interna- 
tionale de ses réalisations. 


d) Union Géodésique et Géophysique Interna- 
tionale (U. G. G. I.) Association de Magnétisme 
et Electricité Terrestres. — Le Président de 
PU. R. S. I. а reçu de l'Association де Magné- ` 
tisme et Electricité Terrestres de 0. G. G. I. 
une adresse de remerciements pour la contribu- 
tion de notre Union à l'étude des mesures de la 
hauteur et de l'intensité de l'ionisation dans la 
haute atmosphére. 


Le Secrétariat Général a été heureux d'en 
faire part à tous les Comités Nationaux. 


9. — Réunions tenues par l'U. К. S. I. 
au cours des années 1932 à 1934 


Profitant du passage en Europe de son Prési- 
dent, M. le Prof. Kennelly, le Comité Exécutif 
de notre Union a été invité à se réunir à Paris 
et y & tenu le 10 octobre 1933 une réunion 
partielle. 


Des délibérations fructueuses eurent lieu. 
Elles amenérent la rédaction d'un compte rendu 
qui fut distribué aux Comités Nationaux et 
l'énoneé de propositions que je me permettrai 
de signaler plus loin. 


10. — Coopération à l'organisation 
du Service des Ursigrammes 


Le Secrétariat Général s'est attaché à favo- 
riser autant qu'il l'a pu l'organisation de ce 
service d'écoute. 

П а assuré la retransmission des copies entre 
les différents services de réception et d'émission. 

I] à transmis à tous les Comités Nationaux 
les codes publiés par les Comités Nationaux 
Américains, Français et Japonais concernant 
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les renseignements relatifs à ја couche ionisée 
de la haute atmosphére. 

Il à également fait part de l'activité que le 
Comité National Japonais prenait à ce service. 

Il s'est conformé en cela au désir de son 
Président, M. le Prof. Kennelly, et aux résolu- 
tions exprimées dans le compte rendu de la 
Réunion du Comité Exécutif à Paris en 1933. 


11. — Documents U. R. S. I. 


Le Secrétariat Général а publié et distribué 
aux Comités Nationaux pendant la période 
Juin 1931 à Aoüt 1934, 94 documents numérotés 
по 293 à 387,émanant des divers Comités de 
notre Union et dont la liste est annexée au 
présent rapport. (1) 


12. — Bibliographie 


Le Secrétariat Général quoique ayant été forcé, 
pour des raisons budgétaires, à réduire, provisoi- 
rement tout au moins, де 3 à 2 ses collaborateurs 
techniques, à continué pourtant la publication 
intégrale et la distribution des références biblio- 
graphiques qu'il recevait des Comités Nationaux 
Américains, Français et Japonais. 

Si le Service des Références Bibliographiques 
est actuellement moins complet, c'est par la 
suite de la défaillance du Comité National Amé- 
ricain, obligé, par suite de restrictions bugdé- 
taires, de cesser le service des références. 

Le Secrétariat Général a distribué aux Comités 
Nationaux depuis la dernière Assemblée Géné- 
rale 35 fascicules de références bibliographiques. 


CHAPITRE II 


LES PROPOSITIONS 
DU SECRÉTARIAT GÉNÉRAL 


Le Secrétariat Général insiste tout particuliè- 
rement pour que les propositions suivantes 
soient prises en considération : 


1. — Par le Comité Exécutif 


a) Nécessité de proposer à l’Assemblée Géné- 
rale d'entériner les statuts établis à Bruxelles en 
1928 et les modifications proposées par le 


(!) Voir p. 20. 


Comité Exécutif lors de sa réunion de Paris et 
dont voici l'énoncé : 

L'article 2 du Chapitre 1 : « L'admission d'un 
pays à l'Union est subordonnée aux conditions 
fixées par les statuts du Conseil International 
des Recherches » est supprimé. 

Le 5€ paragraphe de l'article 18 du Chapitre 7: 
«Les protectorats diplomatiques et pays sous 
mandat jouissent du méme droit » serait modifié 
comme suit : « Les protectorats diplomatiques, 
pays sous mandat et les colonies ayant un 
budget indépendant, jouissent du méme droit. 
Leur cotisation sera fixée par le Comité Exécutif 
en tenant compte de leur activité scientifique. » 

Il voudrait également voir tenir compte 
éventuellement des desiderata formulés par le 
Comité National Anglais ainsi que suit : 

l. — « The meetings of the General Assembly 
shall be held not more frequently than once 
every two years ». 

2. — « The President shall hold office from one 
General Assembly to the next and shall not be 
immediately re-eligible. 

b) Nécessité de proposer les nominations 
nécessaires à la Présidence et aux Vice-Prési- 
dences, aux Présidences des Commissions et 
des Comités Exécutif et Financier. 

c) Le Secrétariat Général désirerait également 
voir désigner par Comité et par Commission, 
un rapporteur chargé de l'aider dans son travail. 


2. — Par les Comités Nationaux 


а) Le Secrétariat Général désirerait obtenir 
des Comités Nationaux, et ce dans le plus bref 
délai, leur composition compléte ainsi que les 
nominations auxquelles il à été procédé dans 
les cinq Commissions de PU. R. S. I., afin 
d'assurer plus efficacement la diffusion des 
renseignements à transmettre. 

b) Le Secrétariat Général propose aux 
Comités Nationaux, dans l'hypothése оп l'édi- 
tion des travaux de la Ve Assemblée Générale 
sera décidée, de bien vouloir assurer l'achat 
d'un certain nombre de volumes (10 par unité 
statutaire) afin de couvrir sürement les frais 
d'édition. 
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3. — Par la Commission Financiére 


a) Insister auprès des Comités Nationaux 
qui ne se sont pas encore libérés de leurs charges 
statutaires, de bien vouloir s’y appliquer de 
tous leurs efforts. 


b) Modification de la cotisation statutaire qui 
devrait au moins être doublée. 


c) Le Secrétariat Général insiste pour que les 
divers versements qui lui sont faits, soient 
libellés en « Belgas » de façon à éviter des pertes 
dues aux fluctuations des changes. 


d) En conclusion, le Secrétariat Général se 
permet d'insister bien vivement auprés de la 
Commission Financiére sur l'urgence extréme 
qu'il y а d'assurer, pour l'avenir, la situation 
financière de PU. R. 5. I. 


Déjà chancelante lors de l' Assemblée Générale 
de 1928, la situation financiére de notre Union 
s'était améliorée gráce aux généreuses libéralités 
que différents Comités Nationaux nous avaient 
consenties. Ils ont ainsi fourni à notre Trésorerie 
un apport supplémentaire de 132.119,10 francs, 
qui nous а permis d'équilibrer notre budget 
jusqu'à présent. 

L'Assemblée Générale de Copenhague en 1931 
avait déjà examiné le moyen de pouvoir équi- 
librer les recettes et les dépenses, la possibilité 
de nouvelles libéralités devant étre considérée 
à ce moment comme exclue. Le Comité National 
Britannique avait proposé d'augmenter la coti- 
sation statutaire et de porter celle-ci au double 
de sa valeur actuelle. Cette proposition avait 
été approuvée par les Comités Nationaux des 
Etats-Unis d'Amérique, de Nouvelle Zélande, 
de Suisse et de Belgique. 


Aucune mesure па pu, jusqu'à présent, 
recevoir un commencement d'exécution. П est 
done réellement indispensable d'adopter une 
solution ferme et efficace pour permettre l'édi- 
tion des comptes rendus de la présente Assem- 
blée et assurer la continuation de l'activité de 
notre Union. Son existence dépendra des mesures 
qui seront prises. 


4. — Par les Commissions 


a) Le Secrétariat Général propose l'adoption 
par toutes les Commissions et leur observation 
plus stricte, des résolutions exprimées à Copen- 
hague par la Commission V (Annexe 1 — 
Page 96 du Recueil des Travaux de l' Assemblée 
de 1931). 

De cette facon la préparation de la future 
Assemblée Générale pourrait se réaliser d' une 
facon plus efficace encore. 

Il insiste particuliérement pour que les délais 
de fourniture des divers documents devant 
servir aux débats des Assemblées Générales 
soient respectés. 

b) П demande qu'à l'avenir les documents 
devant servir aux débats des Assemblées Géné- 
rales lui soient fournis en 100 exemplaires. Le 
Secrétariat se chargerait de la traduction et de 
la reproduction de ceux-ci au nombre d'exem- 
plaires nécessaires. Toutefois les planches et 
graphiques devraient lui étre fournis par les 
soins de l'auteur. 


CHAPITRE III 


CONCLUSIONS 


Le Secrétariat Général conçoit comme un 
réel devoir de remercier ses divers correspon- 
dants pour l'empressement et l'amabilité qu'ils 
lui ont toujours témoignés. 

Il adresse à M. le Prof. Kennelly, le dévoué 
Président de l'Union, l'expression de sa grati- 
tude pour les avis éclairés qu'il n'a cessé de lvi 
prodiguer. | 

Il exprime au nom de l'Union sa reconnais- 
sance aux Présidents des diverses Commissions 
de PU. R. S. I. pour la façon remarquable et- 
consciencieuse avec laquelle ils ont préparé les 
débats. 

Il remercie enfin également au nom de l’U. R. 
S. L, dont il croit être l'unanime interprète, 
et ce de la facon la plus vive, le Comité National 
Britannique pour l'accueil grandiose et géné- 


A 


reux qu’il fait cette année à nos réunions, ne 
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négligeant rien pour que le cadre où se passeront 
les débats soit digne des nobles aspirations 
scientifiques de tous, et digne aussi de la tradi- 
tionnelle et touchante hospitalité anglaise. Gráce 
à elle notre réunion prend pour la première fois 
peut-être les proportions d'un réel congrès 


international. 


Ayant exposé son róle modeste, le Secrétariat 
Général, en réitérant ses remerciements pour 


les facilités lui apportées par la collaboration 
de tous, renouvelle comme par le passé les 
assurances de son entier et attentif dévouement 
au service de l'Union Radio-Scientifique Inter- 
nationale qui lui est si chére. 

Pour terminer, je demande la permission de 
remercier les dévoués collaborateurs du Secréta- 
riat Général pour le travail trés considérable four- 
ni à des conditions particuliérement modestes. 


ANNEXE 1 AU RAPPORT DU SECRÉTAIRE GÉNÉRAL 


Exercice 1930-1931 


(du ler septembre 1930 au 31 août 1931) 


Situation au 31 août 1931 


Report au 30-4-1931 .............. 
Recettes du 1°' mai au 31 août 
Cotisations : 
Belgique 1931 .......... 1.400,00 
Suisse 1931 ............ 690,80 
Union Sud Africaine 1931 695,00 
Ventes brochures Ass. Gén. 
102371 2 rene bs b ek 2.596,35 
1928 nas puisse 3.473,80 


65.172,24 
1931 


2.785,80 


6.070,15 


74.028,19 


Dépenses du 197 mai au 31 août 1931 


Personnel du Secrétariat 
Collaborateurs techniques 
Impression documents et 
bibliographies ........ 1.294,95 
Fournitures de bureau . 
Frais expédition lettres et 
documents .......... 
Débours divers ........ 
Frais d'organisation Ass. 
Génér. 1931 ......... 
Voyage secrétaire adjoint » 11.775,10 
Impression et expédition 
documents .......... 


9.000,00 


Solde disponible au 31 août 1931... 


23.391,80 
50.636,39 


Exercice 1931-1932 
(du 1*r septembre 1931 au 31 août 1932) 
Situation au 31 août 1932 


Report au 1** septembre 1931...... 50.636,39 
Recettes : 
Cotisations : 
Norvège 1930 et 1931 ..... 1.390,80 
France 1931............. 5.624,25 
Amérique 1931 .......... 5.529,60 
Italie 1931 ............. 5.580,95 
Japon 1931 ............ 5.536,45 
Danemark 1931......... 696,50 


Nouvelle Zélande 1931 ... 685,00 
Hollande 1931 et 1932... 2.800,00 


Suède 1931 et 1932 .... 1.395,95 
Angleterre 1932 ........ 5.530,10 
Belgique 1932 .......... 1.400,00 
Suisse 1932 ............ 692,45 
36.862,05 
Ventes Brochures : 
Assemblée Générale 1927. 12.935,20 
Assemblée Générale 1928. 16.620,55 
Assemblée Générale 1931. 5.350,60 
—— — —— 34.906,35 
122.404,79 


Total des recettes ............ ..... 122.404,79 
Dépenses : 
Personnel technique et 
bureau ................ 43.000,00 
Impression documents .. 
Bibliographies ......... | 6.891,05 
Fournitures diverses..... 


Frais de correspondances 


Expédition documents .. | 3.101,70 
Télégrammes .......... | 
Impression Vol. III Ass. 
Génér. 1931 ......... 12.810,67 
—— 65.803,42 
Solde disponible au 31 août 1932 .... 56.601,37 


Exercice 1932-1933 
(du 1er septembre 1932 au 31 août 1933) 
Situation au 31 août 1933 


Report au ler septembre 1932 ...... 56.601,37 
Recettes : 
Cotisations : 
Danemark 1932 ......... 689,90 
France 1932 ............ 5.626,20 
Etats-Unis 1932 ........ 5.550,20 
Japon 1932 ............ 5.510,60 
Norvége 1932 et 1933 2.161,75 
Suisse 1933 ............ 688,70 
—— 20.827,35 
Ventes Brochures : 
Assemblée Générale 1927. 569,75 
Assemblée Générale 1928. 2.041,80 
Assemblée Générale 1931. 5.941,65 
8.553,20 
85.981,92 
Dépenses : 
Personnel technique et 
bureau omes ES 44.320,00 
Impression documents .. | 
Bibliographies ......... 5.284,90 
Fournitures diverses. .... | 
Frais de correspondances | 
Expédition documents .. ; 2.030,70 
Télégrammes .......... | 
| 51.635,60 


Solde disponible au 31 août 1933 .... 34.346,32 
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Exercice 1933-1934 
(du 1е septembre 1933 au 31 août 1934) 
Situation au 31 août 1934 


Report au 197 septembre 1933 ...... 34.346,32 
Recettes : 
Cotisations 
Nouvelle Zélande 1932 et 
DD PRU cat 1.252,30 
Etats-Unis 1933 ........ 5.546,40 
Angleterre 1933 ........ 5.485,00 
Japon 1933 ............ 5.558,30 
Belgique 1933 .......... 1.400,00 
Hollande 1933 .......... 1.400,00 
Danemark 1933 ........ 695,00 
Магос 1933 ............ 696,05 
France 1933 et 1934 .... 11.243,20 
Suéde 1933 et 1934 1.392,05 
Suisse 1934 ............ 691,20 
35.359,50 
Ventes Brochures : 
Assemblée Générale 1927. 95,00 
Assemblée Générale 1928. 234,40 
Assemblée Générale 1931. 181,55 
— 510,95 
70.216,77 
Dépenses : 
Personnel technique et 
bureau ............... 44.480,00 
Impression documents .. 
Bibliographies ......... 4.347,50 
Fournitures diverses 
Frais de correspondances | 
Expédition documents .. , 1.211,17 
Télégrammes .......... | | 
Frais de voyages ...... 
Contribution Cons. Int. 1.145,05 
Recherches ......... 
Dépenses pour travaux 
préparatoires à Assem. › 3.002,45 
Générale de 1934..... 
—— 54.186,17 
Solde disponible au 31 août 1934 .... 16.030,60 
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ANNEXE 2 AU RAPPORT DU SECRÉTAIRE GÉNÉRAL 
LISTE DES DOCUMENTS MIS EN CIRCULATION PAR LE SECRÉTARIAT GÉNÉRAL 


Pendant la période écoulée entre la dernière 
Assemblée Générale de l’Union, tenue à Copen- 
hague en Mai-Juin 1931 et celle de 1934, le 
Secrétariat Général de l’U.R.S.I. а mis еп 
circulation, à l’usage de ses Membres, environ 
une centaine de documents dont ci-dessous la 
nomenclature (1) : 


I. — Du Comité National Américain : 


a) Ursigrammes. — Résultats des émissions d'Ursi- 
grammes effectuées par les postes américains, fran- 
cais et japonais : 


N° 287 : Cosmic data du 8 au 28 février 1931. 


289 : » » lt" mars au 4 avril 1981. 
292 : » » 5 au 25 avril 1981. 
298 : » » 26 avril au 16 mai 1931. 


295 : Modifications au code américain d'émis- 
sions Ursigrammes. 
296 : Cosmic data du 17 mai au 6 juin 1981. 


299:  » » 7 au 27 juin 1931. 

801: » » 28 juin au 18 juillet 1981. 
804bis : » » 19 juillet au 8 aoüt 1981. 
805: ». » 9 au 29 août 1981. 
308:  » » 80 aoüt au 12 sept. 1981. 
311: » » 13 sept. au 8 oct. 1981. 
812:  » » 4 au 24 octobre 1931. 
815 : » у 25 oct. au 21 nov. 1981. 
316: » » 22 nov. au 17 déc. 1981. 
319: » » 20 déc. 1931-9 janv. 1932. 
820:  » » 10 au 26 janvier 1982. 
321:  » » 81 janvier au 20 fév. 1982. 
328:  » » ` 21 fév. au 26 mars 1982. 
826:  » » 27 mars au 16 avril 1932. 
827: » » 17 au 80 avril 1932. 
329:  » » 1er au 21 mai 1982. 

830:  » » 28 mai au 11 juin 1932. 
831: » » 12 juin au 4 juillet 1932. 
884 : » » 10 au 28 juillet 1932. 
885: » » 24 juillet au 6 aoüt 1932. 
886: » » 7 au 27 aoüt 1932. 

837:  » » 28 aoüt au 8 sept. 1982. 
341:  » » 4 au 17 septembre 1932. 
342 : » » 18 sept. au 8 oct. 1932. 


(у Ces documents peuvent être obtenus au Secrétariat 
Général de PU. R. S. I. 


Мо 848 : Cosmic data du 9 au 29 octobre 1932. 


844 : » » 80 oct. au 19 nov. 1932. 
846 : » » 20 nov. au 10 déc. 1932. 
848:  » » 11 déc. au 7 Janvier 1988. 
850 : » » 8 janvier au 4 fév. 1988. 
351: У » 5 février au 4 mars 1983. 
858 : » » 5 au 25 mars 1938. 

854 : » » 26 mars au 15 avril 1933. 
855 : » » 16 au 22 avril 1938. 

358 : » » Ursigrams. 

864: » » du 28 avril au 8 juin 1933. 


865 : National American Committee U. R. S. I. 
Meeting of the sub-committee on Uni- 
fication of codes. 

366 : Cosmic data du 4 juin au 8 juillet 1933. 


868:  » » 9 juillet au 12 août 1933. 
869: » » 13 août au 2 sept. 1933. 
870: » » 8 au 28 septembre 1938. 
371: » » 24 sept. au 21 oct. 1933. 
872 : » У 22 oct. au 11 nov. 1933. 
878: » » 12 nov. au 2 déc. 1933. 
874: » » 8 au 23 décembre 1988. 
376: » » 24 déc. au 18 janv. 1934. 
877:  » » Ursigrams. 

878 : » » 14 janvier au 10 fév. 1934. 
379: » » 11 février au 8 mars 1984. 
880: » » 4 au 24 mars 1984. 

881:  » » 25 mars au 28 avril 1934. 
882:  » » 29 avril au 19 mai 1934. 
888:  » » 20 mai au 9 juin 1984. 
884: » » 10 au 80 juin 1984. 
885:  » » 1er au 21 juillet 1984. 
888:  » » 22 juillet au 18 août 1934. 


b) Field intensity measurements of signals and 
atmospherics disturbances in Washington : 


Мо 290 : 
294 : 
300 : 


January and February 1931. 
March and April 1931. 

May and June 1931. 

809 : July and August 1931. 

814 : September and October 1931. 
818 : November and December 1931. 
325 : January and February 1932. 
828 : March and April 1932. 

882 : May and June 1932. 

838 : July and August 1932. 

845 : September and October 1982. 
849 : November and December 1932. 
852 : January and February 1988. 
356 : March and April 1933. 
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c) Radio transmissions of standard frequency : 
N? 297 : July, August and September 1981. 
806 : October, November and December 1931. 
817 : New Schedule of radio transmission of 
standard frequency. 
Use of standard frequency transmissions 
in checking standard oscillators. 
Radio transmissions of standard fre- 
quency. 
351015 : Change in schedule of radio trans- 
missions of standard frequency. 


d) Divers : 
N? 857 : National American Committee U. R. S. I. 


Meeting of Committee on cooperation, 
April 27, 1988. 


824 : 


840 : 


II. — Comité National Australien : 


Мо 859 : Radio Research Board, Report по 1 : 

I. — Corrections to field strenght measurements 
with Loop Antennae by W. G. Baker and L. G. H. 
Huxley. 

II. — A radio field strength survey within 100 miles 
of Sydney by W. G. Baker and O. O. Pulley. 

N° 860 : Radio Research Board, Report по 2 : 

I. — The state of polarization by sky waves by 
A. L. Green. 

II. — Height measurements of the Heaviside 
layer in the early morning by A. L. Green. 

Мо 861 : Radio Research Board, Report n? 8 : 

I. — The influence of the earth's magnetic field 
on the polarization of sky waves by W. G. Baker 
and A. L. Green. 

N° 862 : Radio Research Board, Report по 4 : 

I. — A preliminary investigation of fading in New 
South Wales by A. L. Green and W. G. Baker. 

II. — Studies of fading in Victoria : А preliminary 
study of fading on medium Wave-lengths at short 
distanees by R. O. Cherry and D. F. Martin. 

Мо 863 : Radio Research Board, Report n? 5 : 

I. — Atmospherics in Australia, I, bv G. H. Munro 
and L. G. H. Huxley. 


III. — Du Comité National Britannique : 


Мо 803 : Modifications proposées par le Comité 
National Britannique aux heures d'émis- 
sions d’Ursigrammes américains. 

Мо 839 : Emission of а frequency of 1.000 cycles 
per second, June 29-30, 1932. 


IV. -- Du Comité National Français : 


N° 818 : Schéma d'émissions Ursigrammes faites 
par les postes radiotélégraphiques fran- 
çais. 


V. -— Du Comité National Japonais : 


N° 291 : Twenty-four-hours receiving measurements 
of low frequency radio stations : Bolinas, 
Bordeaux, Kahuku, Malabar and Saïgon 
by E. Yokoyama and T. Tanimura. 

N° 802 : Propagation of Wireless Waves by H. 
Nagaoka. 

Мо 807 : Twenty-four-hours receiving measure- 
ments of low frequency radio stations : 
Nauen and Warsaw by E. Yokoyama 
ans T. Tanimura. 

N°833: Code des émissions d’Ursigrammes Japonais. 

Мо 883bis : Errata au document по 383. 


VI. — Du Comité National Néo-Zélandais : 


N? 304 : Wireless Observations during the total 
solar eclipse of october 21-22, 1980 by 
M. A. F. Barnett. 


VII. — Du Comité National Suisse : 


Мо 847 : L’éclipse de soleil du 31 août 1982 et le 
sondage par les parasites atmosphé- 
riques par le Dr. J. Lugeon. 

Мо 367 : Un fréquencemètre enregistreur à cons- 
tante de temps par le Dr. J. Lugeon et 
J. Gurtzman. 

N° 875 : L’ionosphére et la météorologie par le 
Dr. J. Lugeon. | 

№ 884 : Un relais à néon et son application А l'enre- 
gistrement des parasites atmosphériques 
par le Dr. J. Lugeon et J. Gurtzman. 

N° 386 : Les parasites atmosphériques polaires par 
le Dr. J. Lugeon. 


VIII. -- De l’Union Internationale d'Astro- 


nomie : 


Bulletin for Character figures of solar phenomena : 
Мо 286 : October-December 1980. 

298 : January-March 1931. 

810 : April-June 1981. 

822 : October-December 1981. 


IX. — Du Secrétariat Général : 


Мо 288 : Extrait du Journal Télégraphique de 
Berne : Notice au sujet de ГО. R. S. I. 


Bibliographie 


Pendant la méme période, le Secrétariat 
Général а publié 35 fascicules de références 
bibliographiques émanant des Comités Natio- 
naux Américain, Français et Japonais (2). 


(!) Ces documents peuvent étre obtenus au Secrétariat 


Général de ГО. R. S. I. 
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Travaux des Commissions 


Proceedings of the Commissions 


NOTICE HISTORIQUE 


La Commission des Méthodes de Mesures et 
Ф Etalonnages, la Commission de Propagation 
des Ondes, la Commission des Perturbations 
Atmosphériques et la Commission de Liaison 
avec les Opérateurs, les Praticiens, les Amateurs 
et les Sciences Connexes furent instituées par 
décision de l'Assemblée Générale de lU. R. S. I. 
tenue à Bruxelles en juillet 1922. 

La Commission de Radiophysique fut insti- 
tuée sous le nom de Commission des Oscillations 
en octobre 1927, par l'Assemblée Générale de 
Washington; cette dénomination fut changée 
lors de l'Assemblée Générale de Bruxelles, en 
septembre 1928. 

L'activité des Commissions depuis l'Assem- 
blée Générale de 1922 jusqu'à celle de 1931 est 
résumée dans les fascicules 3 à 6 du Volume I, 
dans le fascicule 3 du Volume II et dans le 
Volume III de lU. R. 8. I. 

Au cours de l'Assemblée Générale tenue à 
Londres en septembre 1934, les Commissions 
ont résumé et discuté les études et travaux 
réalisés par les différents Comités Nationaux 
et elles ont élaboré des programmes de travaux 
pour l'avenir. 


HISTORICAL NOTICES 


The Commission on Measurements and. Stan- 
dartization, the Commission on Radio Ware 
Propagation, the Commission on Atmospherics 
and the Commission on Cooperation with Оре- 
rators, Practioners, Amateurs and Connected 
Sciences were constituted by decision of the 
General Assembly of the U. R. S. I. held in 
Brussels in July 1922. 

The Commission on Radiophysics was insti- 
tuted under the name of Commission on Oscil- 
lations, in October 1927, by the General Assembly 
of Washington ; this denomination was changed 
during the General Assembly held in Brussels 
in September 1928. 

The activity of the Commissions from the 
General Assembly of 1922 until the General 
Assembly of 1931 is summarized in fascicules 3 
to 6 of Volume I, fascicule 3 of Volume II and 
in Volume III of the U. R. S. I. 

During the General Assembly held in London 
in September 1934, the studies and works 
undertaken by the various National Committees 
since the General Assembly of 1931 were 
summarized and discussed, and programmes 
of works for the future were elaborated. 
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COMMISSION I. — MÉTHODES DE MESURES ET D’ETALONNAGES 
COMMISSION I. — MEASUREMENTS AND STANDARTIZATION 


INTRODUCTION 
Les documents ci-après concernant la Com- The following papers: concerning Commis- 
mission I furent mis en circulation avant sion I were circulated before the General 
l'Assemblée Générale (!) : Assembly (!) : 

Мо 4. — Report on the Work organized on behalf of the Commission since thc 
Session in Copenhagen in 1981, by Dr. E. H. Rayner, President of the 
Commission. 

N? 18. — Precision Measurements of Carrier Frequencies by the aid of a Valve- 
Driven Tuning Fork, by S. Gejer. 

Мо 14. — Measurement of Velocity of Radio Waves, by Dr. А. N. Goldschmith. 

Мо 17. — Radio Field Strength Measurement, by Carl R. Englund. 

Мо 28. — Effective Height of Antennae, by P. E. Watson. 

N? 24. — A Determination of some of the Properties of the Piezo-Electric Quartz 
Resonator, by Karl S. Van Dyke. 

Мо 27. — Report of Radio Research in Japan, by the Japanese National Committee. 

Мо 38. — Thermal Characteristics of Piezo-Electric oscillating Quartz Plates, by 

I. Koga. | 

Мо 84. — Quartz Plates with a very small Temperature Coefficient of Oscillation 
Frequency, by S. Matsumba and S. Kanzaki. 

Мо 89. — Note on the Generation of Stable Ultra-High Frequency Oscillations, by 
Fr. A. Kolster. 

Мо 42. — Radio-Frequency Standards, by E. L. Hall, V. E. Heaton and E. G. 
Lapham. 

N° 48. — A High-Frequency Electrodynamic Ammeter, by H. M. Turner and P. C. 
Michel. 

N? 48. — Intercomparison of Frequency Standards by means of a modulated Radio- 
Wave, by K. Takatsu, K. Tani and Y. Kusunose. 

Мо 49. — Observations effectuées le 14 mars 1934, par B. Decaux et J. B. Galle. 

Мо 50. — Report of the British National Committee to Commission I on Methods 
of Measuring Radio Field Intensity. 

Мо 51. — Measurement of Frequency, by L. Essen. 

Мо 52. — La Précision des Horloges à Quartz dans les Services Horaires, par 
N. Stoyko. | 

N° 61. — On the Adoption of a Criterion for Rating Broadcast Antennae according 


to the Proportion of the Total Radiated Energy which is confined to 
small angles to the horizontal, by W. A. Steel. 


(9 Voir les résumés, p. 120. | | (! See abstracts, p. 120. 
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Séance d'ouverture du mercredi 12 septembre. 


Opening Meeting held on Wednesday, September 12th. 


La séance est ouverte à 14 h. 30 sous la 
Présidence du Dr. E. H. RAYNER, Président de 
la Commission, assisté de M. Vigoureux comme 
Rapporteur. | 


The President. — 'The meeting will I know 
wish me to put on record their great regret at 
the death of the late Dr. Dye, who was formerly 
President of the Commission. 


L'assemblée se recueile pour honorer la 
mémoire de feu le Dr. Dye. 


The President then reads abstracts from his 
report to the Commission (1), in the course of 
which he says : « I shovld like to aknowledge my 
own indebtedness and the indebtedness of the 
О. R. S. I. to my colleague, M. Essen of the 
National Physical Laboratory, who has carried 
out all the measurements referred to at Ted- 
dington, on which this report is based ». 

At the conclusion of the reading of the report 
he says : « We have two main subjects under 
discussion, first there is frequency to which I 


have alluded, and secondly there is the subject 


of the measurement of radiation of the field 
strength. 

We have a report which has been compiled 
as a result of the meeting at Copenhagen, when 
the URSI I think was asked by the C. C. I. R. 
to study the question of measurements of field 
strength, which is of great importance from the 
commercial point of view. Dr. Dye offered the 
services of Commission I for that purpose, and 
that has been done. An elaborate questionnaire 
was circulated to all countries concerned and 
other people interested in this work. The results 
of the questionnaire have been collected by 
Dr. Smith-Rose in what I consider is a really 
valuable document. You who have been members 
of the URSI for the last two or three meetings 
know what valuable reports he has made to the 
URSI on different subjects. I suggest that we 


(1) Document по 4, p. 122. 


form two sub-commissions for further work of 
this Commission, one on frequency and one on 
the measurement of field strength and other 
questions connected with radiation and anten- 
nae. I should also like to suggest that Dr. Smith- 
Rose be the Chairman of the second sub-com- 
mission. He is much more competent to deal 
with the subject than I am. | 


One particular subject which I think we 
ought really seriously to consider, which I have 
indicated here, is that the technique of radio 
transmission promises to be of the very greatest 
value to geophysics. There is in progress at the 
present time the survey of gravity over different 
parts of the world. Recently, work in England 
and in Africa, has been carried out, depending 
on radio methods for obtaining the time of the 
swings of the pendulum, requiring an accuracy 
of measurement of time intervals of а few hours 
or a few minutes to one part in a million. That 
is quite difficult to get in a foreign country, but 
we have in radio a great possibility of assisting 
that kind of work in geophysics. 


I do not mention for the moment astronomy. 
I feel that in а few years the pendulum clock 
may disappear from the astronomical observa- 
tions and the quartz radio oscillator will take its 
place, but we have the possibility here by 
sending out special types of time signals, or 
specially accurate continuous waves or special 
modulations, of assisting the geophysicists in 
alt parts of the world. Work is being done at 
Cambridge in this line, but they have not been 
able to depend on the accuracy of international 


‘time signals, and they have used indirect 


methods, using Rugby transmission on commer- 
cial operation to obtain their time. 


А few months ago а request came from the 
Central Office in Brussels that they had received 
from the Secretary of the International Research 
Councii, à request for information from all the 
international councils under the International 
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Research Countil on the progress of their work 
which could be generally circulated. We of the 
U. R. S. I. know our own progress but others do 
not, and the Chairmen of the various sections 
were asked to transmit to Brussels, and so to 
the Secretary of the International Research 
Council, an account of their doings, and in my 
own particular report I mentioned the subject 
of the possible assistance of radio waves and 
radio methods for accurate time measurement, 
and I also on my own responsibility suggested 
that the time might come when the mean solar 
second should not be used for frequency measu- 
rements of the highest precision, that we should 
use the sidereal second because the sidereal 
second is the one thing which you establish in 
the astronomical laboratory. 

We have a number of papers here (!). Мо 13, 
14, 24, 39, 42, 43, 51, are of the nature primarily 
of measurement of frequency. Мо 43 suggests а 
satisfactory high frequency ammeter. Мо 17, 
from the United States on field measurements, 
and Мо 50, Report of Dr. Smith-Rose. My 
suggestion is that we refer those subjects to 
sub-commissions for further consideration. 


Dr. Eccles. — Dr. Rayner has not suggested 
whether these sub-commissions should meet 
simultaneously or not. There are many members 
here present who would like to attend both 
sets of meetings if possible. 


The President. — Y think that they should not 
meet simultaneously. 


As regards this Commission I have requested 
my collegue M. Vigoureux, (who many of you 
know by his work on this subject and his colla- 
boration with Dr. Dye, and who has written a 
most important book on the piezo-electric 
properties of quartz and has carried out much 
research work on the subject at Teddington), 
to act as reporter for Commission I. He has the 
great advantage of speaking equally well French 
and English. 


Dr. Eccles. — As no-one wishes to say any- 
thing in the way of comment upon your report 
or address, I should like to suggest that we 
thank the President for the care and trouble he 
has taken in preparing this address, and that 
we admire very much his suggestions for gravity 
and geophysics generally. I hope that some of 
those suggestions, especially the one in regard 
to sidereal time, will be considered carefully 
during the sitting of the Commission. 


The President. —I propose then, if it is agreed, 
that this afternoon first of all be devoted prima- 
rily to the subject of frequency and so on, and 
that later in the afternoon I will ask Dr. Smith- 
Rose to take my place and to discuss the measu- 
rement of field strength. We will leave for the 
moment the amount of time to be devoted to 
each subject indefinite. If any members like 
to make any suggestions in the meantime for 
this afternoon, please tell me, Dr. Smith-Rose 
or M. Vigoureux. 


Séance pléniére du mercredi 12 septembre. 
Full Meeting held on Wednesday, September 12th. 


A 


La séance est ouverte à 16 heures sous la 
présidence du Dr. E. H. RAYNER. 


The President. — We will now, with your 
permission, resolve ourselves into a sub-com- 
mission, and I suggest we discuss first the 
question of frequency and then the subject of 
field strength. 


(!) See page 28. 


On the subject of frequency we have a number 
of papers which have been circulated, and I 
think we had better discuss a few points first, 
to get some idea of the importance of the work 
and a programme for future work. The work on 
frequency measurement as regards the URSI 
has been largely inter-comparison of national 
standards of frequency. The first thing we have 
to decide, I think, is whether it is desirable to 
continue this work of inter-comparison of 
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standards of frequency in various countries. 
As you know, that can be carried out either by 
a radio frequency,or by а modulation frequency. 
Both have their advantages, and in this country 
we have largely used the modulation frequency. 
In America they use the carrier frequency. I 
believe that at present there is a high standard 
of steadiness commercially speaking at Rugby, 
but it does not attempt to have the steadiness 
which is now available for sources used for radio 
frequency standards; but it has а world-wide 
range and it promises to be а very valuable 
station for the transmission of time for geophy- 
sical and other purposes provided the frequency 
can be maintained with sufficient accuracy. 


I have suggested another subject, which is 
the possible use of sidereal time for geophysical 
work. Geophysical work should have the highest 
accuracy available, and it does not matter 
whether you use a sidereal or à mean time 
second for such purposes, and it seems to me 
that there must be a diminution in accuracy in 
deriving solar time from sidereal time. 


There is also another matter which I want 
to mention. There is one paper here on the 
measurement of current, по 43 (1). Prof. Turner 
who has given us this paper is unable to remain 
in England after to-morrow morning, and he 
would like it considered while he is here. In 
his paper he gives some results showing conside- 
rable discrepancies between different methods 
as the frequency increases. He considers that 


it wouls be useful to have a short discussion 
on the measurement of current at high fre- 
quency. 

I do not think I need occupy your attention 
any more, but I should like first of all the opinion 
of the meeting as to the continuation of emission 
for the purpose firstly of intercomparison of 
national standards of frequency, and secondly 
for purposes of studying the physics of radio 
propagation. In my report I have given in 
some detail the results so far obtained, using 
the same modulation for two carrier frequencies 
simultaneously. 


Prof. Jouaust. — Je pense que les mesures 
de fréquences transmises par radio doivent 
étre continuées. Dans mon laboratoire nous 
sommes occupés à améliorer les appareils pour 
obtenir une précision plus élevée, et il est 


hautement désirable à ce point de vue que les 
comparaisons internationales soient continuées. 


Prof. Yagi. — Our country iss»far from Europe 
that we are unable to send anything special for 
that purpose. With regard to the method of 
comparison it seems to be better for us to use а 
modulation frequency, as we are still afraid of 
the fact that the carrier frequency migth not 
be steady enough. Of I may refer to the work 
of frequency comparison carried out by our 
National Committee, we are only using the 
modulation of frequency in the experiments 
of our country. 


Séance de clóture du mercredi 19 septembre. 


Final Meeting of Wednesday, September 19th. 


La séance est ouverte à 12 heures, sous la 
présidence du Dr. E. Н. RAYNER, Président de 
la Commission, assisté de M. Vigoureux comme 
Rapporteur. 


The President. — Commission I was divided 
into two sub-commissions, one dealing prima- 
ту with standards of frequency, the use of 


(5) See p. 150. 


steady frequencies for physical work; the 
second sub-commission dealing with measu- 
rements of field strength. 

The sub-commissions have produced their 
resolutions. The members probably all have 
copies of them and if the members wish 1 will 
take them in order without reading them in 
order to save time (2). 


(1) See p. 108. 
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— 


Les cinq résolutions présentées dans leurs 
formes définitives par la Sous-Commission I 
(Etalons de Fréquence) présidée par le 
Dr. Rayner, sont acceptées. Il en est de même 
des cinq résolutions présentées par la Sous- 
Commission 2 (Méthodes de Mesures de l’Inten- 
sité du Champ) présidée par le Dr. Smith- 
Rose (!). 


The President. — I thank all members who 
have helped in these matters, and I feel quite 


sure that as regards field strength we are 
distinctly breaking new ground. We have had 
most valuable experience from workers in all 
countries, and I am quite sure that it will lead 
to new progress in measurement and to further 
progress in technical application. 

Paper from America asked to be put on 
agenda. I have obtained copies of a critical 
report of measurements made at the N. P. L. 
on behalf of the Electrical Research Association. 


Sous-Commission 1. — Étalons de fréquence 
Sub-Commission 1. — Frequency Standards 


Séance du mercredi 12 septembre. — Meeting held on Wednesday, September 12th. 


La séance est ouverte à 14.30 heures, sous 
la présidence du Dr. E. H. RAYNER, Président 
de la Sous-Commission. 


The President opens the meeting by indicating 
various subjects requiring discussion. They are : 


]. — International comparisons of frequencies 
by measurements of : 
(a) the modulation frequency, and 
(6) the carrier frequency, of wireless waves. 


2. — Use of standard frequency transmis- 
sions for geodetic work on gravity. 

3. — Study of the physies of radio ргора- 
gation by comparisons between two carrier 
waves of different frequency, modulated by 
the same source. 


4. — Measurement of current at high radio 
frequencies. 

5. — Substitution of stellar time for mean 
solar time as unit of time for geodetic work on 
gravity. 

Ces sujets furent discutés dans l'ordre ci- 
dessus. 


Prof. Yagi says that Japan is precluded 


(!) Voir p. 109. 


from cooperating in frequency comparisons, by 
its distance from the other countries adhering 
to the Union. 


The President has heard from Prof. E. Giebe 
that, as far as the Physikalisch-Technische 
Reichsanstalt is concerned, the comparisons 
are not of great use unless the frequency is 
steady to at least 1 part in 100 million. 


Les résolutions 1 et 2 (!) sont adoptées à 
l'unanimité pour étre soumises à l'approbation 
de la Commission 1. 


Colonel Angwin stating that the British 
General Post Office is willing to help by allowing 
standard frequencies to be transmitted from 
the long-wave station at Rugby, and 


The President referring to the value of such 
transmissions in geodetic work on gravity, 
resolution 3 (?), in its final form is unanimously 
adopted for recommendation to Commission I. 


Le Prof. Jouaust et le Dr. Gorio font remar- 
quer la valeur de l'étude par l'oscillographe 
cathodique, de la transmission d'une modulation 
simple par deux ondes porteuses. 


(1) Voir p. 108. (3) See p. 108, 
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La Sous-Commission décide à lunanimité 
de recommander la résolution 4 (1) à la Commis- 
sion I. 


Prof. T'urner describes his work on the measu- 
rement of current at high radio frequencies. 


Aprés une discussion à laquelle prirent part 
le Prof. Jouaust, le Dr. Smith-Rose et d'autres 
membres, la Sous-Commission, à l'unanimité, 
décide de présenter à la Commission I, la réso- 
lution 5 (!) dans sa forme définitive. 


Prof. Yagi refers to recent improvements in 
the technies of quartz oscillators, which could 
now be made to have an entirely negligible 
temperature coefficient of frequency. 


Aprés introduction du sujet par le Président, 
le Prof. Jouaust fait remarquer l'avantage de 
l'emploi de la seconde sidérale par rapport à la 
seconde de temps moyen comme unité de 
temps pour les travaux scientifiques. 


Il croit devoir donner également quelques 
renseignements sur la façon dont les observa- 
toires déterminent la valeur de la seconde 
sidérale et la marche de leurs pendules. La 
conclusion est qu'à un instant donné la seconde 
sidérale, méme évaluée avec là pendule d'un 
observatoire, n'est pas connue avec une très 
grande précision. | 

Dans les étalonnements faits au Laboratoire 
National de Radioélectricité, il faut attendre 
un temps assez long pour que le Bureau Interna- 
tional de l'Heure puisse fournir la correction 
de la pendule utilisée, déduite de ses propres 
observations et de celles de divers observatoires 
qui enregistrent les signaux horaires. 


Il est décidé à l'unanimité qu'il conviendrait 
d'attirer l'attention de tous ceux qui s'occupent 
de géodésie, sur les grands avantages qu'ils 
retireraient de l’utilisation, comme unité de 
temps, de la seconde sidérale au lieu de la 
seconde de temps moyen. 


Sous-Commission 2. — Méthodes de mesure de l'intentisé du champ 
Sub-Committee 2. — Methods of Measuring field Intensity 


Séance du mercredi 12 septembre. — Meeting held on Wednesday, September 12th. 


La séance est ouverte à 16.30 heures sous la 
présidence du Dr. R. L. SMITH-RosE, Président 
de la sous-commission. 


The President summarizes the decisions 
reached at Copenhagen in 1931, e. g. the recom- 
mendation of a loop instead of an open aerial, 
and refers to paper n° 50 (?) by R. A. Watson 
Watt and R. L. Smith-Rose, paper n° 17 (°) 
by C. R. Englund, and paper 23 (*) by P. E. 
Watson. He mentions as suitable subjects for 
discussion : 


1) Voir p. 108. 


( (3) See р. 166. 
(3) See p. 188. 


($) Sce p. 141. 


1. — Differences obtained when using diffe- 
rent types of apparatus side by side. 


2. — Standardization of methods and appa- 
ratus 


3. — Accuracy to be aimed at. 


4. — Туре of receiver to use at wave lengths 
so short (15 metres) that the loop becomes 
unsuitable. 


The President points out that discrepancies 
of the order of 20%, which are of common 
occurrence, seem unduly large for, at the fre- 
quencies concerned, current can be measured 
with a much higher accuracy. 
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M. Espenschied thinks that, in view of the 
presence of noise, which is the other factor in 
determining the usefulness of the measurement, 
1095 is sufficient for the field strength determi- 
nation. 


M. R. A. Heising says that usually variations 
due to fading render uncertain the quantity to 
be measured to such an extend that accuracies 
greater than 10, or even 20 per cent, contribute 
nothing. 


M. Kirke thinks that the object of the 
measurement should be borne in mind when 
discussing the accuracy. For short-waves signals, 
which vary considerably in intensity, 10% is 
adequate. It is sufficient also for measurements, 
at а given point, of the strength of medium- 
length waves from а broadcasting station. But 
if it is desired to study the distribution of power 
in the neighbourhood of a transmitter, а higher 
accuracy is necessary. 

In recent measurements at 1500 metres, а 
vertical aerial has been found to give larger 
variations than a frame. 


Dr. Dellinger agrees with M. Kirke that 
different degrees of accuracy are required in 
different circumstances, and says that agree- 
ment is necessary as regards the accuracy to be 
aimed at for different frequencies, different 
distances, and different times. 


M. Watson Watt considers the accuracy now 
obtainable adequate for ordinary commercial 
and engineering problems, but not adequate for 
comparing the efficiency of aerials. 


Dr. Jensen thinks also that 10% is not 
adequate for the latter purpose, but considers 
that much higher relative accuracies can actually 
be obtained. 


Dr. Dellinger discussing the relative advan- 
tages of recording results by the absolute 


maximum, the 5% quasi-maximum, and the 
5095 mean methods, previously referred to by 
M. Watson Watt, prefers the quasi-maximum 
method for most purposes. The mean method 
does not give much useful information, espe- 
cially with automatic recorders. The absolute 
maximum method seems the best for the 
comparison of characteristics at different fre- 
quencies. The results depend on the duration 
of the observations, but that can be specified 
for special cases. 


M. Kirke agrees with Dr. Dellinger as to the 
advantages of the quasi-maximum method. His 
apparatus for the mean method records the 
value exceeded during half the time. 


M. Jouaust déclare n'avoir pas rencontré de 
difficultés dans la mesure des intensités de 
champ des émetteurs de radiodiffusion. Les 
mesures furent effectuées pendant la journée 
et aucune grande variation ne fut observée. 


The President sums up the discussion by 
saying that for certain types of engineering 
problems, 10% is adequate, but that other 
purposes demand higher accuracy. It seems 
very desirable that an apparatus of high accu- 
racy be standardized for calibration and compa- 
rison of commercial apparatus. 


La Sous-Commission décide à l'unanimité de 
présenter à l'approbation de la Commission I, 
les résolutions 1 et 2 (1). 


La Sous-Commission décide de tenir une 
nouvelle réunion le vendredi 14 septembre à 
14.30 heures pour discuter la spécification des 
appareils étalons pour la mesure absolue de 
l'intensité du champ. 


La séance est levée. 


(1) Voir p. 109. 
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Séance du vendredi 14 septembre. — Meeting held on Friday, September 14th. 


La séance est ouverte à 14.30 heures, sous la 
présidence du Dr. R. L. SMITH-ROSE. 


The President says that, according to the 
resolution taken at the previous meeting, that 
meeting is held to discuss the specification of 
standard apparatus for the absolute measu- 
rement of field strength. 


Le Prof. Jouaust souligne l'urgence qu'il y а 
à effectuer des comparaisons internationales 
d'appareils standards devant étre installés dans 
les laboratoires nationaux et dans les labora- 
toires les plus importants, et fait remarquer 
que les différentes méthodes d'en exprimer les 


résultats (maximum, quasi-maximum оч 
moyenne) ne sont pas une question scientifique 
mais commerciale qui ne concerne pas 
PU. R.S. I. 


La Sous-Commission est d'accord pour con- 
venir que les appareils étalons devraient étre 
munis d'une antenne en boucle pour les lon- 
gueurs d'ondes dépassant 15 métres, et d'un 
dipole pour les longueurs d'ondes inférieures à 
15 métres, mais elle estime que les connaissances 
actuelles ne justifient pas la spécification des 
dimensions, de la nature, du mode de couplage 
du dipole au récepteur ni de sa hauteur au- 
dessus du sol. 


The President asks the views of the Sub- 
Commission on the advisability, in case of the 
loop, of specifying the height above the 
ground. 


M. Barfield proposes that the apparatus be 
such as to yield the value of the field at the 
centre of the loop, wherever the loop is 
placed. 


En suite de cette discussion, la Sous-Commis- 
sion adopte à l'unanimité, le texte définitif des 
résolutions 4 et 5 (!) à soumettre à l'approbation 
de la Commission I. 


(1) Voir p. 109. 


The President asks the opinion of the meeting 
on the specification of accuracies at various 
frequencies for the national standard apparatus 
contemplated. 


Le Prof. Jouaust ne considére pas comme 
nécessaire de fixer l'exactitude des mesures 
aux différentes fréquences. Il pense. qu'il vau- 
drait mieux demander l'exactitude la plus 
élevée possible. 


Aprés cette discussion, on convient d'établir 
une table donnant une précision minimum 
pour différentes valeurs de la fréquence. La 
division des fréquences suggérée par le Prési- 
dent est adoptée et des chiffres provisoires 
sont fixés pour la précision. 


Différents orateurs signalent que la précision 
que l'on pourrait atteindre, n'est pas indépen- 
dante de l'intensité du champ à mesurer. 


After more discussion by Messrs. L. H. Bain- 
bridge-Bell, R. H. Barfield, A. С. Jensen, 
E. H. Rayner and Wilson, it is resolved to 
discuss the matter further at another meeting, 
(to be held on Monday, September 17, at 11.30), 
and in the meantime to circulated the table (!) 
to the members, asking them to suggest figures 
for the minimum and maximum field strengths 
to be measured, and for the accuracy to be 
specified in each case. 


En ce qui concerne la seconde proposition 


· de la communication de M. Jouaust, la Sous- 


Commission est d'accord pour déclarer que 
l'U. R. S. I. n'est pas intéressée dans l'appré- 
ciation des mérites relatifs des différentes 
méthodes pour déduire, d'un certain nombre 
d'observations, les valeurs moyennes, celles 
des quasi-maxima de champ variables dans le 
temps. 


(1) See p. 109. 
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Séance du lundi 17 septembre. — Meeting held on Monday, September 17th. 


La séance est ouverte à 11.30 heures, sous la 
présidence du Dr. R. L. SMITH-ROSE. 


The President gives an account of the answers 
he has received to the questionnaire circulated 
to the members to ascertain their views on the 
figures to be specified for the standard apparatus 
contemplated. 


Le Prof. Jouaust préférerait ne pas voir 
mentionner de chiffres, car il estime que les 
connaissances actuelles au sujet des précisions 
que l'on peut atteindre sont trop précaires. Il 
est partisan d'essayer d'atteindre la plus grande 
précision possible. Néanmoins, il adhérera à la 
spécification adoptée par la majorité des mem- 
bres et dans la construction de l'appareil étalon 
préconisé, il s'efforcera de suivre la spécification. 


On passe ensuite à la discussion des différents 
chiffres, et on adopte un tableau à soumettre à 
l'approbation de la Commission I, ce tableau 
est reproduit avec la résolution 3 (1). 


On examine ensuite la question de la hauteur 
effective des antennes. 


Mr. L. Н. Bainbridge-Bell thinks more de- 
tailed knowledge is required in order to pass 
from the field-strength, as measured with the 
standard apparatus, to the input to typical 
receivers using open aerials. The use of an open 
aerial on the assumption that the height is ralf 
the physical height gives results differing by 
15-20% from measurements of the same field 
with a loop aerial. 


Mr. E. H. Shaughnessy considers the further 
investigation of effective heights very desirable. 
The dipole may, at some future time, require 
a more complete specification, for which 
knowledge of effective heights would be 
essential. 


Après une discussion à laquelle prennent part 
MM. L. Н. Bainbridge-Bell, Eastham, 
R. Jouaust, А. J. Jensen, H. L. Kirke et 
E. H. Rayner, on examine et on adopte les 
résolutions à soumettre à la séance pléniére de 
la Commission 1. (1) 


COMMISSION II. — PROPAGATION. DES ONDES 
COMMISSION II. — RADIO-W AVE PROPAGATION 


INTRODUCTION 


Les documents ci-aprés concernant la Com- 
mission II furent distribués avant l'Assemblée 
Générale : (?) 


The following papers concerning Commis- 
sion II were circulated before the General 
Assembly : (2) 


1. — Note sur l'Intérét de Sondages Continus de l'Ionosphére par la Méthode 
2. — Rapport du Comité National Francais sur les Résultats du Trafic Com- 


8. — Report for the Commission on Radio-Wave Propagation, by Prof. Dr. 


No 
des Radio-Echos, par M. A. Dauvillier. 
No 
mercial. 
Мо 
Jhr. Elias. 
No 


5. — Report on Radio-Wave Observations made at Angmassalik by the Dutch 


Expedition during the International Polar-Year, by J. A. de Bruine. 


(! Voir p. 109. (?) Voir résumés, p. 120. 


(!) Voir p. 109. (?) See abstracts on p. 120. 


82 


No 


Мо 


Мо 


Мо 
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7. — Publications on Radio-Wave Propagation (Bibliography of the « Report 
on Radio Research in Japan »). 


8. — Publications relatives aux Recherches Radio-Electriques, par le Dr. J. 
Lugeon. | 

9. — Programme of Ionosphere Measurements and Forms for Analyzing Data, 
by the Radio-Section of the Bureau of Standards. 

10. — "Terrestrial Magnetism and its Relation to World Wide Short-Wave Com- 


munications, by Henry E. Hallborg. 

11. — Report on Long Distance Broadcasting Transmission (600-1500 kc. per 
sec.). Polarization of Broadcast Waves. Charts for Short Wave Trans- 
mission. Ultra-Short Wave Diffraction, by T. L. Eckersley. 

18. — Auxiliary Apparatus for Operating Kennelly-Heaviside Layer Height 
Recorders, by H. R. Mimno and Pao Ho Wang. 

19. — Analysis of а 6.000 Hour Record of Kennelly-Heaviside Layer Heights, 
by H. R. Mimno and Pao Ho Wang. 

25. — Memorandum on Sunspots, by J. C. Schelleng. 

26. — Distribution of Radiation in the Vertical Plane for Communication with 
Short Waves over Great Distances, by C. W. Latimer. 

27. — Report on Radio Reasearch in Japan, by the Japanese National Committee. 

28. — Measurements of the Heights of the Kennelly-Heaviside e in Japan, 
by T. Minohara and Y. Itó. 

29. — Field Strength Measurements and Directional Observations of Short Waves, 
by T. Nakai. 

80. — Field Strength Measurements and Directional Observations of High- 
Frequency Radio-Waves at the Electrotechnical Laboratory, Ministry 
of Communications, by T. Nakai. 

31. — On Directional Observations of Long-Distance Short-Wave Stations and 
the Relation between Directional Deviation and Scattering in the Iono- 
sphere, by T. Nakai. 

82. — On the Transmission of Short-Waves through the North-Polar Night-Zone, 
by T. Nakai. 

85. — Ionospherie Measurements at Losap Island during the Solar Eclipse of 
February 14th, 1934, by K. Maeda. 

36. — Ionosphere Heights Measured in the South Seas Islands and Radio Obser- 
vations made during the Solar Eclipse of February 14th, 1934, by T. 
Minohara and Y. Iró. 


87. — Summary of some Theoretical Contributions to the Problem of Propagation 
of Radio Waves over the Earth, by Dr. B. van der Pol and Dr. K. F. Niesen. 

45. — Measurement of Ionosphere Layer Heights and Correlation with other 
Geophysical and Cosmic Data, by Prof. E. V. Appleton. 

46. — Report of the British National Committee on Investigations on the Pro- 


pagation of Waves carried out in Great-Britain from April 1981 to 
June 1984. 

53. — An Analysis of Continuous Records of Field Intensity at Broadcast Fre- 
quencies, by S. S. Kirby, K. A. Norton and G. H. Lester. 

56. — Report on Ionization Changes during a Solar Eclipse by E. V. Appleton 
and L. Chapman. 

57. — Rapport sur les Recherches Relatives à la Propagation des Ondes Radio- 


Electriques Courtes Entreprises pendant l'Année Polaire, par R. Jouaust, 
R. Bureau et J. Habert. 


Union Radio Scientifique Internationale 


33 


Мо 58. — Rapport sur les Recherches Relatives aux Atmosphériques Entreprises 
pendant l'Année Polaire, par R. Bureau, R. Failletaz et J. Habert. 

Мо 59. — Sur la Comparaison de quelques Courbes de la Variation Diurne des Atmo- 
sphériques, par R. Failletaz. 

N? 60. — Etude des Courbes d'Enregistrement d'Atmosphériques au Scoreby Sund 


par R. Bureau. 


Saigon-Paris. 
No 
No 


62. — Interaction of Radio-Waves, by B. van der Pol and J. van der Mark. 
65. — Note sur la Propagation des Ondes de 18,68 et 31,19 m., sur le parcours 


66. — Note sur la Propagation des Ondes de 24,56 et 88 m. entre Paris et Alger. 
67. — Beziehungen zwischen Wellenausbreitung und Echos zu anderen Geophy- 


sikalischen Erscheinungen, K. W. Wagner und K. Fränz. 


Séance d'ouverture du mercredi 12 septembre. 


Opening Meeting held on Wednesday, September 12th. 


La séance est ouverte sous la présidence de 
M. le Dr. J. H. DELLINGER, Président de la 
Commission II. 


The President. — The first duty in this 
Commission is the sad one of recording the 
death of its leader. Dr. Austin was President of 
Commission II for many years, as well as having 
been for a short time President of the U. R. S. I. 
and for a long time Chairman of the American 
National Committee. 

1 was nominated by the Executive Committee 
to carry on his work. I have not prepared a 
summary of the field as Dr. Rayner did for his 
Commission. 

My idea as to what we had better do this 
morning would be to summarize the subjects to 
be discussed in Commission II, and then 
consider what sub-commissions would be desi- 
rable, and then allocate the papers of which a 
good many are appropriate for sub-commissions. 
If you have with you the list of subjects proposed 
for discussion in the various Commissions (!) 
and the list of papers available (?), which have 
been prepared by the Secretariat, it would be 
useful if you would have them before you. 

Of the subjects proposed for discussion in 
Commission II, the five first were set up by the 
Copenhagen meeting three years ago, and I 
added some others on the basis of material 
that seemed to be available for discussion. 


( See p. 18. (#) See p. 32. 


The President then reads the list of subjects, 
and goes on : | 

So far as I have observed there are no papers 
on the item « Variations of wave direction and 
polarization ». We will omit that subject uniess 
material shows up in that field, and in its place I 
propose to insert а, topic on which a paper has 
appeared for our consideration and which does 
not seem to fit any of the other subjects : 
«Interaction of radio waves» (!, а paper 
submitted by Dr. van der Pol and J. Van de 
Mark. 

As you already know, we contemplate a 
sub-commission on Ionosphere Measurements, 
proposed by Prof. Appleton in accordance 
with correspondence circulated before the 
meeting, so we can consider it settled that 
Ionosphere Measurements will be considered 
in a sub-commission and reported to the 
Commission latter. 

The subject of the Polar Year is also listed 
under this Commission, but it was really а sort 
of special Commission set up by the Copenhagen 
meeting. It will be the subject of Friday's 
deliberations. 

One of the subjects of very considerable 
interest amongst those listed is that of eclipses, 
and we have for consideration the results of 
work on recent eclipses, and should also do 
something about the organization of future 


(1) Document по 62. 
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work. There is an eclipse in 1937, concerning 
which we have some suggestions in one paper 
before us, so а sub-commission on eclipses 
would be worth while to consider the subject 
and possible suggestions for future work. 

The subject of Dr. van der Pol’s paper on the 
interaction of radio waves might well be consi- 
dered in one of the other sub-commissions, as 
also in that case it might seem desirable to 
consider а programme for future work and 
possible international co-operation. 

Other subjects which have occured to me as 
possibly being suitable for handling by sub- 
commissions are those of propagation data 
resulting from commercial radio traffic, long- 
delay echoes, received wave intensities as а 
function of frequency, time, etc., and ionosphere 
propagation analysis. I think that before deci- 
ding definitely on whether any such sub- 
commissions should actually be set up it would 
be well to examine the titles of papers available. 
As this is а business session, we shall run 
through the list of papers which are available 
for Commission II (!) and, since they have been 
numbered, it will be convenient to allocate 
them to the various subjects on agenda. 


The President then indicates the grouping 
of the numbered papers by subjects, and goes 
on : 

— I would now like to inquire what additional 
papers anyone may have to offer for the consi- 
deration of Commission II. 


M. Picault prend alors la parole pour pré- 
senter à la Commission une « Note sur la Propa- 
gation des Ondes de 24, 56 et 33 métres entre 
Paris et Alger » (?) et une « Note sur la Propa- 
gation des Ondes de 18, 68 et 31,19 métres sur 
le parcours Saigon-Paris» (3), toutes deux 
établies par le Service de la T. S. F. français. 


Le Prof. Wagner prend ensuite la parole 
pour présenter une étude sur les relations 


——— € 


(! See p. 82. 


(2) Document по 65. (3) Document n° 66. 


existant entre les phénoménes des radio-échos 
et la propagation, et sur d'autres phénoménes 
terrestres (!). Cette étude est basée sur un travail 
entrepris au cours d'une expédition en Norvège 
et il exprime le désir de proposer l'examen de 
ce rapport dans la sous-commission intéressée. 


The President. — The question has been 
asked to as whether a report by Dr. Eckersley 
on long-distance transmission is available. That 
is document No. 11 in the list, but copies have 
not yet been distributed ; I understand that 
it is expected that enough copies will be here 
for distribution during the meeting, in the same 
way as the Japanese Report. 

I am informed that the one page paper, a 
general remark on propagation by Prof. Manne- 
back of Louvain, will be offered. We also have 
«Seasonal Variations in the Ionosphere » from 
the U. S. A. by J. P. Straffer of the Bell 
Telephone Laboratories ; « Method of Sounding 
by Atmospheric Disturbances » by Dr. Lugeon ; 
« The relation of the Pacific Eclipse of June 8th, 
1937, to investigations of changes of ionization 
of the ionosphere » by Berkner of the Carnegie 
Institutions of Washington. I find that we do 
not have listed any paper under « Long-delav 
echoes ». That subject was put on the agenda 
by the Copenhagen Conference. I would like 
to ask Prof. Appleton to report on the present 
status of the subject. 


Prof. Appleton. — I could give a report in 
three lines. The experiments have been carried 
on with the help of the B. B. C. for three months, 
and so far as I can see there has been no absolu- 
tely indisputable evidence obtained of the 
existence of long-delay echoes. 


The President. — Thank you for the statement 
of the case. We might as well dispose of this 
subject at this time. Has anyone else anything 
to offer, positive or negative, in long-delay 
echoes ? 


Aucune réponse n'est faite à cette question 
du Président. 
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The President. — I would like to say that 
the initiative of the British autorities in under- 
taking a wide-spread investigation of this, 
having а great many people listening for these 
long-delay echoes in many parts of the world, 
deserves our compliments. We hope that in the 
course of time this work will lead to something 
definite, so that we shall know the facts. It is 
interesting that very little has developped in 
this field since the original discovery of the 
long-delay echoes several years ago. 


Le Dr. Lugeon présente ses T'ables Crépus- 
culaires donnant l'altitude au zénith des rayons 
rasants du Soleil pour toutes les latitudes de 
degré en degré. Cet ouvrage de 438 pages est 
édité par l'Institut National Météorologique de 
Pologne, à Varsovie. Il sera utile pour les études 
de propagation, puisqu'il donne à tout instant 
la position des rayons du Soleil dans l'atmo- 
sphère pour toute la Terre et permet de calculer 
également le lever et le coucher sans difficulté. 


The President. — This book of Dr. Lugeon 
on Sunset Tables is very useful in work on 
ionosphere measurements, and is well worth 
the consideration of those concerned. I hope 
you will all examine it and make further men- 
tion of it in sub-commission meetings. 

The paper not handled in sub-commissions 
will be considered in the full session of Commis- 
sion IT. I would like to ask the members of the 
French National Committee whether they think 
it desirable to have а sub-commission on the 
subject of the results of radio traffic which is 
treated in Document No. 2, the French National 
Committee report. Do you wish any conside- 
ration of that by а sub-commission, or shall we 
simply consider that in the main session ? 


Prof. Jouaust. — Je crois qu'il est préférable 
d'examiner le Rapport du Comité National 
Français sur les résultats du trafic commercial 
au cours d'une séance pléniére de la Commission. 


The President. — Let us summarize the 
status of the sub-commissions, and also please 


be thinking of what sub-commissions any of 
you would care to serve on, or other persons 
that you would care to suggest to serve on them. 


Les sous-commissions seront constituées 
comme suit : 
1. — Mesures de l'Ionosphére : MM. Prof. 


Appleton (Président), Prof. Dr. Jhr. Elias, 
T. L. Eckersley, Dr. Heising, Prof. Manneback, 
Prof. Mimno, R. Naismith, Prof. Dr. Wagner. 

2. — Taches Solaires : MM. Dr. Heising 
(Président), Commandant Bureau, Lt. de Vais- 
seau Habert, Namba, Prof. Yagi, Watson- Watt. 

3. — Action. Réciproque des Ondes : MM. 
Dr. van der Pol (Président), Prof. Appleton, 
T. L. Eckersley, Dr. Espenchied, Kirke, Prof. 
Manneback, Prof. Mesny, Prof. Dr. Wagner, 
Watson-Watt. 

4, — Eclipses : MM. Prof. Chapman (Prési- 
dent), Dr. Espenchied, Prof. Jouaust, Dr. White, 
Prof. Yagi. 

5. — Théorie de la Propagation dans l'Ionos- 
phére (Sous-Commission commune aux Commis- 
sions II et IV): MM. T. L. Eckersley (Président), 
Prof. Dr. Jhr. Elias, Prof. Manneback, Namba, 
Dr. van der Pol, Prof. Dr. Wagner. 


The President. — 'The membership of the 
sub-commissions is not exclusive at all. We have 
such à crowded programme, and so little time 
remains for the sub-commissions’ work, and we 
have now already so many sub-commissions . 
that I think it is going to be quite impossible 
to hold all sub-commissions at independant 
times. I suggest that each sub-commission 
chairman gets his commission together when 
he can and do the work, avoiding sessions of 
the main Commissions if possible. Also, will 
all delegates please feel free to attend any 
sub-commission's meetings. It will be the 
responsability of each sub-commission's chair- 
man to notify all members of his sub-commis- 
sion. Annoucement of meetings of sub-commis- 
sions will be given on the bulletin board. 


M. Watson-Watt. — The British National 
Committee is anxious to place at the disposal 
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of these sub-commissions the assistance of 
their associates in this country. Particularly 
there are available for help to these commissions, 
members of the staff of the Electricity and 
Radio Departements of the National Physical 
Laboratory. Dr. Rayner and I would be happy 
to arrange that our colleagues in these Depart- 
ments should serve on the sub-commissions at 
the desire of the Chairman. 


The President. — Y think there should be a 
definite reporter for each sub-commission. Will 


your associates in the N. P. L. be available to 
serve as reporters ? 


M. Watson-Watt. — Yes, they will. 


The President. — Y would suggest that each 
sub-commission's Chairman sees M. Watson- 
Watt with а view to having someone as а 
reporter for each meeting of his sub-commission. 
I wish to thank you for your help in these 
intricate arrangements. I think our Commission 
is well started for а profitable session. 


Séance plénière du mardi 18 septembre. 


Full Meeting, held on Tuesday, September 18th. | 


La séance est ouverte à 14.30 heures, sous Ја 
présidence du Dr. J. H. DELLINGER, Président 
dela Commission II, assisté du Dr. R. L. Smith- 
Rose, comme Rapporteur. 


The President opens the meeting by stating 
that the papers submitted for discussion at the 
full meeting of the Commission will be presented 
in accordance with the agenda circulated. 


1. — PRESENTATION DES DOCUMENTS : 


a) Le document n° 2 « Rapport du Comité 
Frangais sur les résultats du trafic » (!), est lu 
par le Prof. Jouaust. 


The President states that it would be useful 
to pursue this matter, in order to determine 
whether the results from the communication 
traffic would lead to useful scientific data. 


Dr. van der Pol offers а selection of graphs 
showing the varying results obtained in commu- 
nication traffic between Holland and the Dutch 
East Indies at different times of the day. 


(b) Paper No. 37 «Summary of some theo- 
retical contributions to the problem of propa- 
gation of radio waves over the earth» (?), is 
summarised by Dr. van der Pol. 


(!) Voir p. 120. 
(*) See p. 148. 


Prof. Elias enquires if consideration of the 
surface wave of Prof. Sommerfeld's analysis 
is included in the present work. 


Dr. van der Pol replies that the distinction 
of surface and space waves in Sommerfeld's 
work is one of defining the limits within which 
the integration of а now simple function is 
carried out. In the work described in Paper 
No. 37, & simpler and probably more accurate 
solution is obtained of the propagation of waves 
along the earth's surface. 


c) Paper No. 11 « Report on long distance 
broadcasting transmission (600-1500 kc/sec.) 
etc.» (!) is presented by M. Т. L. Eckersley. — This 
deals with (a) the extension of the range of the 
Madrid curves indicating the relation between 
field intensity and distance, (5) the description 
of а radio polarimeter for determining the 
direction of polarisation of downcoming waves, 
and (c) the theoretical modification of Watson's 
diffraction formula and its comparison with 
experimental results obtained on medium and 
ultra-short waves. 


(d) Paper No. 53 « Ап analysis of continuous 
records of field intensity at broadcast frequen- 
cies » (2) read by Dr. Dellinger. This paper 


(1) See p. 185. (2) See p. 188. 
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analyses the results of measurement of the field 
intensities of several American broadcasting 
stations. Among the several conclusions аге : 
that the received nights field intensities are 
frequently greater than the inverse distance 
value; that they have maximum values at 
about 600 km ; and that sky-wave radiation is 
in many circumstames important in the daytime 
at distances greater than 600 km. 


Some discussion takes place between 
Dr. van der "Pol and M. T. L. Eckersley as to 
whether the correct law should be compared 
with the inverse distance or not, but this is 
not clear at present, and the physical explana- 
tion of the results is lacking. 


Mr. Eckersley points out that the magneto- 
ionic theory indicates that transmission in a 
direction perpendicular to-the earth's magnetic : 
field is found to be easier than in a direction 
parallel to the field. 


(e) Le document n? 65 « Note sur la propaga- 
tion des ondes 18.68 et 31.19 m. sur le parcours 
Saigon-Paris (Service de T. S. F.) » est présenté 
par M. Picault. Cette étude décrit les résultats 
d'observations d'échos pour des signaux captés 
dans l'exploitation du service signalé dans le 
titre. А certaines époques de l'hiver, ces échos 
durent environ 1 14 heures et présentent un 
retard de 0.07 sec. 


Le Prof. Jouaust déclare qu'il а utilisé ces 
signaux pour déterminer la vitesse de propaga- 
tion qui semble étre légérement inférieure à 
celle de la lumiére. — Il а constaté que d'un 
jour à l'autre, les variations de la durée de la 
propagation étaient plus grandes que les erreurs 
de mesures. 


M. Picault en réponse à une question posée 
par M. Matteini, déclare que la présence des 
échos et les difficultés de communication dues 
au fading ont considérablement diminué et 
qu'ils ont cessé d'étre génants, ce qui a coincidé 
avec l'installation en 1932, de systémes de 
réflecteurs à Saigon. 


(|) Le document n° 66 « Note sur la propaga- 
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tion des ondes de 24, 56 et 33 m. entre Paris et 
Alger (Service de la T. S. Е.) » est également 
présenté par M. Picaull. Cette étude décrit un 
phénoméne d'évanouissement (fading) sélectif, 
observé sur la communication téléphonique 
Paris-Alger. Ce fading sélectif affecte successi- 
vement les diverses fréquences de la bande 
modulée. 


The President express а wish that M. Picault 
may be able to publish the interesting results 
included in these two papers. 


(g) Paper No. 10 on « Terrestrial magnetism 
and its relation to world-wide short-wave 
communications » (!), is read by M. Briggs. 

The paper deals in some detail with the effect 
of variations in the earth's magnetic field on the 
reliability of radio communications. The extent 
of the disturbance caused to various radio 
circuits is considered in relation to the intensity 
of magnetic activity. 


Prof. Chapman enquires if the diagrams 
accompanying the paper are centred on the 
earth's north magnetic pole, or the centre of 
magnetic activity, coinciding approximately 
with the pole of the earth' magnetic axis. It 
appears to him that the diagrams need geogra- 
phical correction on this point, the apparent 
discrepancy in some cases being about 109. 


Mr. Briggs thinks that M. Hallborg (the 
author of the paper) has used the magnetic pole 
as the centre. While he appreciates Prof. Chap- 
man's point, he does not think the overall 
accuracy of the communications aspect of the 
problem is sufficient to require the proposed 
correction. 


The President refers to the importance of 
continuing the study of the effect of magnetic 
activity on radio communication. 


(h) Paper No. 26 « Distribution of radiation 
in the vertical plane for communication with 
short waves over great distances » is also pre- 
sented by M. Briggs. 


(1) Sce p. 133. 
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This paper describes three methods of deter- 
mining the angle of projection from a radio 
transmitter in order to ascertain the optimum 
angle for any communication circuit. 


Le Dr. Lugeon demande quel est l'angle 
moyen d'arrivée des signaux à un récepteur de 
30.000 kc/sec. de fréquence. | 


Dr. Smith- Rose draws attention to the results 
of British work on this subject. Dr. Walmsley(!) 
has measured the best angle of projection from 
the Rugby station for several radio channels 
to America and Europe; while M. Wilkins (?) 
has measured the angle of reception in England 
of signals from America transmitting stations. 


2. — RESOLUTIONS : 


La Commission reçoit ensuite et approuve , 


une série de résolutions présentées par les 
Présidents des Sous-Commissions, comme il en 
est rendu compte plus bas. 


Le Prof. Jouaust demande qu'aprés appro- 
bation, toutes les résolutions soient traduites 
en francais. 


a) Sous-Commission de Р Année Polaire Inter- 
nationale (з). 

The two resolutions put forward by Prof. 
Appleton, President of this sub-commission 
are adopted. A third has been proposed by 
M. Watson-Watt relating to the continued 
existence of the sub-commission, but Prof. 
Appleton express the opinion that а permanent 
sub-commission to be proposed by the Ionos- 
pheric Measurements sub-commission would 
meet this purpose. This is agreed to. 


b) Sous-Commission 1. — Mesures de l Ionos- 
phere (з). 


Ten resolutions are presented from this sub- 
commission by the President, Prof. Appleton. 


(5) Journal Inst. Elect. Eng., 1934, vol. 74, p. 543. 
(2) Idem, p. 582. 
(?) Voir p. 110. 
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After а few verbal alterations, these are 
adopted. 


Conformément à la résolution n? 10, on 
nomme une sous-commission permanente des 
Mesures de l’'Ionosphère, elle est constituée 
comme suit : Prof. E. V. Appleton (Président), 
Commandant R. Bureau, Dr. J. H. Dellinger, 
Dr. D. B. la Cour, M. R. Naismith, Dr. B. van 
der Pol, M. R. A. Watson-Watt. 

Le Président à le pouvoir de désigner des 
représentants d'autres pays s'il le juge néces- 
saire. 


c) Sous-Commission des Taches Solaires (!). 


Dr. Heising, President of this sub-commission 
presents the two resolutions which are adopted, 


d) Sous-Commission 3. — Action Réciproque 
des Ondes (?). 


Dr. van der Pol, the President, gives а brief 
report of the work of this sub-commission, and 
puts forward the resolution, which is adopted. 


е) Sous-Commission 4. — Eclipses (?). 


The President of this sub-commission is 
Prof. Chapman ; the four resolutions proposed 
are adopted. 


3. — REMERCIEMENTS : 


Dr. Dellinger in concluding the meeting, 
express the gratitude of Commission II to the 
authors of papers presented, and to the Mem- 
bers of all sub-commissions, and to the General 
Secretariat and the rapporteurs and the British 
National Committee for all the assistance they 
have rendered to the work of the Commission. 
He also acknowledges the patience of the 
French-speaking members and thanks M. P. 
Vigoureux for his services as interpreter. 


(!) Voir p. 113. 
(*) Voir p. 114. 
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Séance de clóture du mercredi 19 septembre. 


Final Meeting held on Wednesday, September 19th. 


La séance est ouverte à 11 heures, sous la 
présidence du Dr. R. L. SMITH-ROSE. 


The Chairman. — Dr. Dellinger infortunately 
is not able to be here this morning, so I am de- 
putising for him as President of Commission П. 

You will recall that we had а full meeting 
of Commission II yesterday afternoon, and we 
adopted all the resolutions which came to the 
Commission from the various sub-commissions- 
One or two minor amendments were made to the 
typescript as circulated, but I do not propose 
to read the resolutions again. 

We have then to pass on to a resolution 
which comes from the sub-commission appoin- 
ted jointly by this Commission and Commis- 
sion V. That resolution has abready been 


before Commission V this morning and has 
been adopted. Merely as a formality I put 
before you, n? 5 of the resolutions coming from 
Commission V (2). 

Then I have a further resolution which has 
just come before me, which is proposed by 
Prof. Appleton (?). 


Aprés discussion, une légére modification est 
apportée à la résolution présentée par la Sous- 
Commission commune aux Commissions II, et 
V (3) et cette résolution est adoptée. 


The Chairman. — That completes our busi- 
ness. I have to thank all those who have assisted 
in the work of this Commission, the Chairmen 
and Members of the various Sub-Commissions, 
and the reporters. 


Sous-Commission de l'Année Polaire 


Polar Year Sub-Commission 


Premiére Séance du vendredi 14 septembre. 


First Meeting held on Friday, September 14th. 


La séance est ouverte à 9.45 heures, sous la 
présidence du Prof. E. V. Appleton, Président 
de la Sous-Commission, assisté de M. R. Nai- 
smith comme Rapporteur. 


The President opens the discussion on the 
work carried out under the auspices of the 
Union during the International Polar Year 
1932-1933. 

In view of the late arrival of some of the 
documents, it was not possible to present a 
comprehensive statement of all the work which 
has been done. Instead members are given а 
document (!) which classifies the work done 
during the Polar Year under three headings, 
viz. observations in high latitudes, observations 


(2) See Annexe I, p. 42. 


in temperate latitudes and observations in low 
latitudes, and а document (*) containing а 
number of papers on work done immediately 
after the Polar Year. Rapid improvements 
in technies during the Polar Year have resulted 
in more useful observations being made at the 
end of the period than were possible at the 
beginning, and it is therefore suggested that 
the discussion on the Polar Year of 1932-1933 
should include the observations which were 
made immediately after the Polar Year. 


The President then introduces the subject 
of the International Polar Year, explaining 
the aims and the results of the first Polar Year 


(1) Sce p. 119. 
(3) Voir p. 119. 


(?) See p. 115. 
(4) See Annexe II, p. 13. 
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and the organization of the second, suggesting 
also that the documents relating to the pro- 
gramme of Radio Observations to be made 
during the Polar Year should be preserved in 
the Archives of the Union. 

He then gives an account of the work carried 
out by the British Expedition at 'Tromsó 
(Latitude 69 159) in connection with the Inter- 
national Programme and proceeds to discuss 
the results obtained. These may be summarised 
as follows : 

(a) The ionization produced by the ultra- 
violet light from the sun in region E at Tromsö 
is only 60% of that produced in latitude 52 150. 
The observations refer to the equinoxes. He 
shows that this is in agreement with the results 
obtained in Canada and America during the 
eclipse of the sun on August 31st, 1932, and 
concludes that the normal ionising agency for 
region E at any rate is the ultra-violet light 
from the sun. 

(6) During periods of intense magnetic 
activity no energy is returned from the Топо- 
sphere. 


The President refers to the description and 
interpretation of these results published in 
« Nature » and then proceeds to give a short 
account of the work done by Russia. 


RUSSIE. 

The work was carried out at Murmansk, 
Lat. 68° 56’ N. long. 33° 05’ E. and was confined 
to the last 3 months of the Polar Year. The 
results obtained agree with those of the British 
Expedition concerning the correlation of magne- 


tic activity and absence of echoes. Echoes 
were at times observed from heights as low as 


65 kms. and Prof. Bontch-Brouewitch records 
that an «absorbing layer» was produced at 
times at a height less than 65 kms. 


The President then calls on Prof. Wagner to 
give an account of the work carried out by 
Germany during the Polar Year. 

ALLEMAGNE. 

The observations were made at Tromsó in 

collaboration with the British party during the 


Polar Year, but were continued for a second 
year on account of their importance. 


Prof. Wagner refers to four curves which 
show respectively (1) the variations of magnetic 
activity, (2) variations in reflecting power of 
the Ionosphere, (3) variations of the field 
strength obtained from Breslau À = 325 m., 
and (4) variations of the direction of arrival of 
the waves from Breslau. These curves were 
plotted for the months January-June and show 
the inverse correlation of (1) with (2) and the 
direct correlation of (3) and (4) with (2). Curve 
(3), also shows the gradual reduction of field 
strenght as the summer season advanced. 

Prof. Wagner refers to à paper by Dr. Mógel 
from which he infer red that observations made 
on commercial long-distance radio telegraphy 
during the period 1927-34 showed a decrease 
in the amount of ionisation with decreasing 
solar activity and drew a parallel with the echo 
measurements made at vertical incidence. 


In opening the discussion which followed, 
the President. suggests that Curve 4 (which 
shows the disappearance of directional error 
when magnetic activity is high) may be due 
to the fact that the rays which arrive at the 
receiver at a small angle of incidence (and which 
therefore contribute mostto the directional error) 
are not reflected during à magnetic storm, and 
this provides à complete explanation of this 
very interesting result. 


Prof. Wagner agrees with this explanation. 


Le Dr. Jugeon décrit le résultat des dépouil- 
lements des enregistrements d'atmosphériques 
qu'il а effectués à Bear-Island et à Tromsö 
pendant toute l'Année Polaire (!). Les théories 
émises antérieurement sur le sondage par les 
parasites ont été entiérement confirmées. Des 
aurores polaires basses sur l'horizon forment un 
écran absorbant les rayons électromagnétiques 
parasites issus du méme azimut. Affaiblissement 


= — 


(4) C. R. Paris, t. 195, p. 817, 1932 ; t. 198, р. 1712, 
1934; t. 199, p. 1059, 1934, 


Union Radio Scientifique Internationale 41 


parasites américains émanant du SW aprés 
22 h., lorsqu'une aurore obture l'horizon SW, 
jusqu'à quelques degrés d'altitude. Ce fait 
concorde avec la disparition des échos de 
Tromsö, signalée par le Prof. Wgner. 


The President replies that these observations 
give additional proof that the atmospherics 
come from the south. 


MY. Eckersley refers to the susceptibility to 
small magnetic disturbances of waves arriving 
at small angles of incidence and the immunity 
of the long-distance signals which presumably 
arrive at greater angles of incidence. It is 
difficult to explain how absorption below E 
region should not affect the lower angle trajec- 
tories to а greater extent than the vertical 
ones. 


Le Lieutenant Habert montre l'importance 
de la tendance à la récurrence tous les 27 jours 
de l'activité magnétique, cette tendance a été 
constatée dans toutes ses mesures. 


The President then calls on Professor Elias 
to give an account of the work done by Holland 
during the Polar Year. 


HOLLANDE. 


Prof. Elias describes the arrangements which 
have been made to send an expedition to Ang- 
magssalik (Latitude 65 1,9) and the programme 
carried out there. The results may be summa- 
rized as follows : 

1. The number of echoes reached à maximum 
in May and June. 

2. Тће number of echoes obtained throughout 
the day reached а maximum between 1800- 
2000 A. M. T. 

3. 100 km. was the minimum height from 
which echoes were- observed. 

4. The maximum number of echoes were obser- 
ved between 100-200 km. and between 300- 
400 km. 

He concludes that the main ionised region 
is due to charged particles and provides а 


theory to account for the magnetic observations 
made by members of the expedition to Green- 
land. 


Dr. van der Pol, who opens the discussion, 
emphasises the fact that the radio measurements 
were all made by one man, M. de Bruine, а 
pupil of Prof. Elias, who also prepared the 
report. 


Mr. T. L. Eckersley refers to the maximum 
number of echoes occuring at 1800-2000 at the 
time of magnetic maximum which appears to 
contrast with the results discussed in the other 
papers. 


The President replies that he thinks the 
explanation lays in the fact that it is the after- 
effects of the storm which cause the trouble, 
and refers to his statement that an increase of 
ionization is frequently observed at the begin- 
ning of a magnetic storm. 


FRANCE. 


Le Lieutenant Habert donne un court aperçu 
des travaux de l'Expédition Frangaise à Sco- 
resby Sound (Latitude 70159 N); il décrit 
quelques-unes des difficultés rencontrées par 
l'expédition. Des observations ont été effectuées 
pendant Mai et Juin 1933 sur des fréquences 
entre 6 et 12 Mc/s, mais on n'observa pas d'échos. 


The President suggests that these high fre- 
quencies may have penetrated both regions. 


Le Lieutenant Habert répond que des échos 
furent obtenus à Paris sur ces fréquences. 


The President at this point intimates a small 
change in the programme to allow Dr. Hafstad 
some time to consider the presentation of the 
American report from Alaska, which has just 
arrived. It is therefore proposed meantime to 
pass on to the work done in temperate latitudes. 


JAPON. 


Prof. Yagi gives а resume of the work done 
in Japan. He refers to the two reports published 
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in « Radio Research in Japan » (!), where the 
results are shown in graphical form. It has not 
been possible to arrive at definite conclusions 
regarding these observations. He shows the 
effect of the Leonid meteor shower in November 
1932 when the usual number of 4 or 5 echoes 
was increased to over 20. 


AMERIQUE. 


Dr. Jensen gives a report of the observations 
made in America by the Bell Telephone Labo- 
ratories. The observations were made at Deal 
(Latitude 409). The lowest heights observed 
are 80-85 km. Measurements of equivalent 
height and earth potential were compared but 
no correlation could be shown. Critical frequen- 
cies at noon for ff, fr, and fr, were plotted from 
March 1933 - April 1934. f£, curve is a minimum 
in summer while f#, is a maximum. fè, shows 
& direct correlation with values of the earth 
potential. Measurements made during the 
Leonid meteor shower, referred to by Prof. Yagi, 
show increased ionizatign coinciding with the 
apparearance of meteors of the first magnitude. 

Dr. Jensen then deals with the observations 
made by the Bureau of Standards at Washington 
(Latitude 399). Curves showing the time of 
appareance and disappearance of echoes on 
4.1 Mc/s. are compared with the times of sunrise 
and sunset on the ground and are found to be 
in good agreement during winter but not so 
good in summer. He then refers to a magnetic 
storm on 24 th. February 1933, when no echoes 
were observed from 1613-1619 U. 5. T. on 
4.1 Мејв. A contour map illustrating the diurna! 
variation of critical frequency throughout the 
year is shown. This indicates the appearance 
of two minima during the night in the winter. 
A curve showing the critical frequencies for 


E region compared with уд сов ф, where ф is 


the zenith angle of the sun is appended to the 
Bureau of Standards report. 


The President comments upon the close 
relationship of fr, and earth polentials and 


(1) Papers по 7 and 27. 


refers to the comparison of the ff, fF,» fi, curves 
where fi, shows a seasonal variation from a 
maximum in summer to a minimum in winter, 
fr, also shows this variation to a lesser degree 
and fr, not at all, which agrees with observations 
in England. This points to an influence increas- 
ing with height and suggests а seasonal 
variation of temperature which increases with 
height. 


Мт. Eckersley states that from measurements 
of skip-distance phenomena, ју, is greater in 
summer than in winter, in the ratio 1.9. This 
maximum occurs 1 to 115 hours after noon. 


The President refers to some skip-distance 
measurements made some years ago in América 
by Dr. Dellinger which gave the value of 1.8. 

This close agreement rules out latitude as the 
explanation. | 


Dr. Најзаа refers to а discussion on this 
subject in à Bureau of Standards publication 
in which јр, is shown to vary from year to year. 

Dr. Hafstad then makes a brief reference to 
a report by Maris concerning the Polar Year 
observations made by the American expedition 
but which has not been received by the URSI. 
He goes on to refer to measurements made by 
Prof. Mimno at Harvard (Latitude 45 159) 
showing a minimum number of reflections from 
the E region at noon, which is attributed to 
increased absorption at that time. Another 
graph shows the height of F, to be greatest at 
noon, this being ascribed to absorption of the 
ray as it passes through the E region. 


Le séance est levée. 


ANNEXE I 
Observations aux latitudes élevées 


Allemagne : 


Vorlanfige Ergebrisse der Funktechnischen Expedi- 
tion der Heinrich-Hertz-Gesellschaft nach Tromso 
(Norwegen), Prof. Dr. K. W. Wagner (1). 


(1) Sonderausgabe aus den Sitzungsberichten des 
Preussischen Akademie der Wissenschaften Phys.- Math. 
Klasse XXXII, Fev. 34. 
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Amérique : 
The Work of the Polar Year Expedition to СоПере- 
Fairbanks Station, Alaska, by H. B. Maris. 
Analysis of а 6000-hour Record of Kennelly- 
Heaviside Layer Heights, by Prof. H. R. Mimno (!) 
France : 
Quelques observations sur la Propagation pendant 
l'Année Polaire au Scoresby Sund, par le Lieut. de 
Vaisseau Douguet (?). 


Grande-Bretagne : 


Ionospheric Investigations in High Latitudes, by 
E. V. Appleton, R. Naismith апа G. Builder (?). 


Radio Observations during the International Polar 
Year 1932-1988, by E. V. Appleton (ô). 
Hollande : 


Report of Radio Wave Observations made at 
Angmagssalik by the Dutch Expedition during the 
International Polar Year 1932-1983, by J. A. 
de Bruine (5). 


Russie : 


Ionospheric Measurements in the Polar Regions, 
by M. A. Bontch-Bruewitch (6). 


Observations aux latitudes moyennes 


Amérique : 
Report of Ionospheric Measurements during the 


Polar Year 1932-1938 at the Bell Telephone Labora- 
tories, Deal, N. J. (Lat. 40°15’ №; Long. 7794' W). 

Polar Year Report of the National Bureau of Stan- 
dards, Washington (Lat. 38955' N ; Long. 7794' W). 

Japon : | 

Measurements of Heights of the Kennelly-Heavi- 
side Layer in Japan from Aug. 1932 to Jan. 1933 
(Tokyo, Lat. 85940' №; Long. 138045’ E), by T. Mino- 
hara and Y. Itó. 


Observations aux latitudes basses 


Indes : 


Report on Mesasurements of Ionospheric Heights 
at Calcutta (Lat. 22983’ №; Long. 88°22’ E), bv Dr. 
H. Rakshit. 


(! Document No. 19, sec p. 139. 

(2) Onde Electrique, vol. 13, по 151, juil. 34. 
( Nature, Sept. 2, 1933. 

(*) Proc. Roy. Inst., Oct. 27, 1933. 

(5 Document No. 5, see p. 132. 

(9) Nature, Feb.3, 1934. 


Outre ces documents, d'autres études concernant 
les mesures de l'ionosphere effectuées immédiatement 
après l'Année Polaire, ont été reçues. 


Observations aux latitudes élevées 
Amérique : 


Report on. Ionospheric Investigations conducted 
at College-Fairbanks, Alaska, during the Winter 
1933-1934 (Lat. 64959' N; Long. 148910' УУ), by 
G. А. Fleming (!). 


Observations aux latitudes basses 
Amérique : 
Report on Measurements obtained at the Huan- 
cayo Magnetic Observatory (Peru) following the 


programme of the Second International Polar Year 
during May to August 1933 (Lat. 12°3’ S; Long. 


75920" W), by Н. W. Wells (!). 


F-region Ionosphere Investigations at Low Lati- 
tudes, by L. V. Berkner and H. W. Wells (!). 
Critical Frequency Observations of the E-layer at 


the Huancayo Magnetic Observatory, by H. M. 
Wells (!). 


Italie : 
Ionospheric Investigations in Low Latitudes (Lat. 
15920' N; Long. 88955' E), by I. Ranzi (?). 


Ricerche sulle Condizioni della Ionosfera in Vici- 
nanza dell’ Equatore, I. Ranzi (3). 


ANNEXE II 
France : 


Rapport sur les Recherches relatives à la Propa- 
gation des Ondes Radioélectriques courtes entre- 
prises pendant l'Année Polaire, par R. Jouaust, 
R. Bureau et J. Habert (*). 


Rapport sur les Recherches relatives aux Atmosphé- 
riques entreprises pendant l'Année Polaire, par R. 


Bureau, R. Failletaz et J. Habert (?). 


Etude des Courbes d'Enregistrement d’Atmosphc- 
riques au Scoresby-Sund, par R. Bureau (°). 


(1) Department of Terrestrial Magnetism of the Car- 
negie Institution of Washington. 

(2, Nature, Jan. 6, 1934. 

(2) Consiglio Nazionale delle Ricerche, Maggio, 1934, ХП. 

(* Document n9 57, voir p. 189. 

(5) Doucment n° 58, voir p. 189.' 

($) Document n° 60. 
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Deuxiéme Séance du vendredi 14 septembre. 


Second Meeting held on Friday, September 14th. 


La séance est ouverte sous la présidence du 
Prof. E. V. APPLETON, assisté de M. R. Naismith 
comme Rapporteur. 


INDES. 


The President gives an account of the obser- 
vations made in India during the Polar Year. 
He refers to the low height of 75-80 km. for 
E region and says this was due to the geogra- 
phical position of India. The ionization gradient 
is steeper in E region than in F. There appears 
to be a sudden drop in height between 1700 
and 2100 with a corresponding increase in the 
strength of the echoes, due probably to the 
evening concentration of ionization which is 
supposed to occur after sunset. 


AMERIQUE. 


Dr. Hafstad gives an account of the work 
being done in Alaska in continuance of the 
Polar Year expedition there. Very few echoes 
were normally observed during the night-time 
so that it is difficult to make a useful comparison 
with magnetic activity. Curves were plotted to 
show the times at which echoes were observed 
and these were compared with the times of 
sunset and sunrise. The discrepancy between 
the observed curves and the curves of sunset 
and sunrise, on the earth’s surface at various 
heights, is shown to be due to the fact that the 
ionization was produced at a certain height 
above the absorbing atmosphere of the earth. 


ITALIE. 


The President intimates that this concludes 
the work done in high latitudes and passes on 
to that done in low latitudes. He then proceeds 
to summarise the results obtained by Ranzi in 
Latitude 15° where it was observed that the 
maximum ionization for region E was reached 
at noon but for F, it was not reached till 1800. 
A subsidiary maximum occured at 0200. The 
occurence of abnormal E reflections was asso- 


ciated with thunderstorms as suggested by 
C. T. R. Wilson. Another observation was that 
of a type of «rustling» atmospheric which 
occured in the evening. 


PEROU. 


Dr. Hafstad then gives outline of the work 
done at Huancayo (Latitude 12° S), and 
refers to three papers. The first contains the 
results made at noon and midnight on 4 Me/s., 
hourly measurements on the frequency and 
noon values of fg, and fr. The second shows 
that the equivalent height of E region is 
about 100 kms. and the F region 200 kms. 
M. Berkener, who has directed these obser- 
vations, proposes a method of presenting a 
multitude of data by means of isoionic curves. 
The growth of the F, region is clearly shown 
in the graphs. The measurement of ју, is less 
definite since the true values may have been 
masked by absorption. The quantity ff fi, 
is found to be constant. The diurnal variation 


Of fr, reveals two maxima, one at 1000 and the 


other at 1400, with a minimum at noon, show- 
ing that there must be other effects besides 
ultra-violet light from the sun present. Other 
curves show that in going from low latitudes to 
high, exactly the same effects are observed as 
going from day to night. 


The President calculates that the value of the 
earth's field at Huancayo, as measured by the 
quantity јр, is 0.30 gauss compared with 
0.45 gauss in England, both values agreeing 
closely with the values found 10 years ago. 


Mr. Millington gives à short abstract of a 
theoretical paper showing charts of ionization 
density for different latitudes at different 
seasons of the year, based on Chapman's theory 
of ionization by monochromatic radiation. The 
maximum ionization in E region occurs approxi- 
mately at noon, but for the F, region it is about 
] 3/4 hours after noon, this interval increasing 
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with latitude. Further curves show that there 
is no ionization at the Pole at midwinter. "There 
is no sign in the charts of the noon dip and 
1800 maximum observed in F, œwing to the 
simplifying assumptions made in applying the 
theory. 


M. Bureau résume le rapport qu'il a établi 
avec MM. Habert et Failletaz au sujet de 
l'observation des atmosphériques pendant l'An- 
née Polaire. Des stations d'enregistrement non 
directif ont fonctionné à Paris, Tunis, Rabat, 
Tamanrasset (Sahara), Scoresby-Sund (Groén- 
land), Zi-Ka-Wei (Chine), et M. Lugeon en a 
de son côté fait fonctionner à Varsovie, Tromsoë 
et lile des Ours. Enfin un enregistrement 
directif (goniométre à secteur étroit) а fonc- 
tionné à Paris. La plupart des enregistrements 
ont été assurés sur 27 kc/s (11000 métres). Les 
résultats mettent en évidence l'existence d'un 
nombre relativement restreint de grands foyers 
mondiaux d'origine en général continentale. 
A Paris, on reléve ainsi au début de la nuit des 
sources orientées au Sud (foyer africain), puis 
dans la deuxième partie de la nuit, des sources 
orientées entre le NW et le SW suivant la 
saison (foyers américains) tandis que sur tout 
le secteur oriental des foyers se manifestent 
pendant les aprés-midi d'été. 


— La variation diurne des atmosphériques 
dans les régions polaires confirme ces résultats ; 
elle montre de plus l'existence d'un maximum 
principal de jour en été que les enregistrements 
de M. Lugeon ont particuliérement mis en 
évidence. L'explication de ce maximum et la 
localisation des sources qvi le produisent pré- 
sentent un grand intérét au sujet du mode de 
formation de certaines sources d'atmosphéri- 
ques; des turbulences et des mouvements de 
convection de l'atmosphére (instabilités de la 
nature des fronts froids) dans les régions polaires 
pourraient, en effet, les provoquer sans étre 
accompagnés d'orages. 


Le Lt. Habert rend compte des observations 
faites à Scoresby-Sund sur l'intensité des 


signaux de différentes stations commerciales 
et montre que cette intensité est inversement 
proportionnelle à l'activité magnétique. 


Le Dr. Lugeon rend rapidement compte des 
observations qu'il a faites sur les atmosphé- 
riques pendant l'Année Polaire et suggére 
l'idée que la différence de température entre 
la mer et la terre pourrait étre une source 
fréquente d'atmosphériques. 


Dr. la Cour, President of the International 
Polar Year Committee, is invited to bring the 
session to a close by relating some of the magne- 
tic work during the Polar Year. Before the 
Polar Year there were in the arctic America 
(Greenland included), in the European arctic 
sector (North of 640 N) and in Africa, 3, 5 and 1 
observatories respectively making magnetic re- 
gisterings. During the Polar Year these figures 
were increased to ll, 15 and 6 respectively. 
About 200 km. of curves had been obtained 
by the special Polar Year quick new recorders 
only. The object of the work was to obtain 
data on the world-wide magnetic disturbances, 
and curves were shown which illustrated the 
development at various stations of the sudden 
commencement of а magnetic storm. Small 
oscillations, some of quite a local character 
and others occuring simultaneouslv at stations 
far apart were next illustrated. Another type 
of oscillation of an intermittent character was 
shown. Some of these oscillations were found 
to be connected with earthquakes. 


Dr. la Cour emphasises the necessity for a 
definition of magnetic activity suitable for the 
study of the intersections of magnetic distur- 
bances and radio-electricity, and concludes 
his remarks by requesting all investigators to 
send copies of their published observations 
made during the Polar Year to the bureau of 
the International Polar Year Commission at 
Copenhagen, where а complete collection of 
the magnetic records would also be available 
to investigators. 


La séance est levée. 


46 | Union Radio Scientifique Internationale 


Sous-Commission 1. — Mesures de l'Ionosphére 


Sub-Commission 1. — Ionospherie Measurements 


Séance du mercredi 12 septembre. — Meeting held on Wednesday, September 12th. 


l. La séance est ouverte à 14.30 heures, sous 
la présidence du Prof. E. V. APPLETON, Président 
de la Sous-Commission, assisté de M. A. F. Wil- 
kins comme Rapportevr. 


2. Assistent à la séance : MM. T. L. Eckerslev, 
le Prof. Dr. Jhr. G. J. Elias, le Lieut. de Vaisseau 
J. Habert, le Prof. F. E. У. Hackett, le Dr. 
Hafstad, R. A. Heising, R. Naismith, S. Namba, 
l'Ing. Picault et le Dr. White. 


3. Le premier sujet discuté se rapporte à la 
Nomenclature. 


The President suggests that some agreement 
is desirable as to the acceptability of the term 
« Ionosphere » which is already in fairly common 
use. 


Mr. Eckersley thinks the term suitable on 
account of his brevity, while 


Mr. Heising states that it is in general use in 
the О. 5. А., and that he has heard no objection 
to its use in that country. 


Dr. Hafstad also supports the use of the term. 


Mr. Naismith while agreeing with the suita- 
bility of the term states that some limits of 
height are desirable. 


Dr. White thinks that some definition of the 
meaning of « Ionosphere » is required. 


After some discussion the following defini- 
tions are formulated : 

(a) The ionosphere is the sphere of air whose 
predominating physical characteristics is ioni- 
zation (President). 

(6) The ionosphere is that part of the upper 
atmosphere which is ionized sufficiently to 


affect the propagation of wireless waves 
(Мт, Heising). 


On propose à la Sous-Commission de mettre 
au vote la motion d'adopter le terme « Iono- 
sphére» avec les deux définitions ci-dessus; 
cette proposition est admise. 


4. La Sous-Commission s'occupe ensuite de 
l'emploi des termes « layer » ou « couche » à appli- 
quer aux parties de l'ionosphére ; 


The President states that, in his opinion, the 
term «region » is more suitable having regard 
to the experimental evidence. 


This opinion is also sheared by Messrs Heising, 
Hafstad, Eckersley and Namba. 


Aprés une courte discussion au cours de 
Jaquelle, il est signalé que les termes « Schicht » 
et «Couche » sont d'usage courant en Allemagne 
et en France, on convient que le terme « région » 
est plus approprié et il est décidé de l'utiliser 
à l'avenir. 


5. The President states that two fundamental 
methods have been used for ionospheric measu- 
rements, namely : 


(a) the frequency-change method, 
(b) the pulse method. 


At the present time it is being found that all 
measurements hitherto made with the first of 
these methods can be done equally well and 
sometimes better with the pulse method, and 
that, as a result, it would be necessary hence- 
forward. to talk in terms of this method. Arising 
out of this it becomes necessary to decide on 
some name for the time taken by pulse signals 
in their travel up and down from the ionosphere. 
This the Chairman has called the « group time ». 
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Dr. Hafstad also uses this term in preference 
to « reflection » time. 


Мт. Eckersley prefers « group delay ». 


La Sous-Commission décide d'adopter l'ex- 
pression « group delay ». 


6. The President then points out that in 
America the term « virtual height » is applied 
to а quantity which is called «equivalent 
heig ht » in England. 


Mr. Heising thinks the term «equivalent 
height » is less suitable than the term « effective 
height ». 


La Sous-Commission n'est pas favorable à 
l'emploi de l'expression « hauteur effective » en 
raison de l'usage qu'on peut en faire relati- 
vement à l'antenne. Finalement elle adopte les 
expressions «hauteur équivalente » ou «equi- 
valent height » et « hauteur virtuelle » ou « vir- 
tual height », et elle recommande, lorsqu'il sera 
fait usage de l'une de ces dénominations dans 


un écrit, d'insérer une note spécifiant que ces 
deux expressions ont la méme signification. 


1. П est décidé de faire usage des symboles 
suivants : 
P pour le trajet optique, 
P' pour le trajet équivalent ou virtuel, 
f pour la fréquence. 


8. The President states that the two common- 
est ionospheric measurements are those of : 
(a) Virtual path as a function of time (P-t). 
(b) Virtual path as a function of frequency 
(P'-f). 


In arranging an international programme 
of ionospheric measurements, it would be 
necessary, in the case of class (a) measurements, 
to decide on the recording frequency. During 
the Polar Year, 2 and 4 Mc/s. have been used 
for this work. l 


Prof. Elias suggests 2, 3 and 4 Mc/s. for futur 
work. ni 


La séance est levée à 15.45 heures. 


Séance du lundi 17 septembre. — Meeting held on Monday, September 17th. 


La séance est ouverte à 9.45 heures, sous la 
présidence du Prof. E. V. APPLETON, assisté de 
M. A. F. Wilkins comme rapporteur. 


2. Assistent à la séance : MM. L. H. Bain- 
bridge-Bell, le Prof. S. Chapman, le Dr. J. H. 
Dellinger, le Prof. Dr. Jhr. С. J. Elias, le Dr. 
Hafstad, R. A. Heising, A. Jensen, le Prof. R. 
Jouaust, I. Koga, le Dr. J. Lugeon, le Comman- 
dant C. Matteini, le Prof. H. R. Mimno, R. Nais- 
mith, S. Namba, J. A. Ratcliffe, E. H. Shaug- 
nessy et F. W. G. White. 


3. The President asks if anyone of the mem- 
bers has comments to bring forward concerning 
the resolutions taken at the first meeting. 


Мт. Ratcliffe raises a point in connection with 
the definition of the terme « Ionosphere » He 
suggests the introduction of the word « relati- 


vely » into the definition of the ionosphere given 
in definition (a) at the previous meeting (!). 
This would then read : 

« The ionosphere is the sphere of air whose 
relatively predominating physical characteristic 
is ionization ». 

He thinks that definition (b) is better. 


On engage ensuite une discussion en vue de 
préciser si par « Топозрћеге », on désignerait | 
l'atmosphére tout entiére ou seulement l'enve- 
loppe d'air mal définie dans la haute atmosphère. 


Finalement, on décide de ne retenir que la 
derniére acception et on adopte la définition 
suivante : 


« L'Ionosphére est Ја partie de la haute atmo- 


(! See p. 46. 
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sphére suffisamment ionisée pour affecter la 
propagation des ondes radioélectriques ». 


4. The President reports that Messrs Hafstad 
and Naismith have prepared a programme of 
measurements suitable for international exe- 
cution. 

These suggestions are presented by MT. Nai- 
smith and summarized in a table (!). 


Les renseignements demandés peuvent étre 
groupés comme suit: _ 
(a) Variation de l'ionisation avec la latitude. 
(b) Variation de la hauteur virtuelle avec Ја 
latitude. 
(c) Variations anormales. 
Ces renseignements peuvent étre fournis par 
des mesures des types ci-dessous : 


a) Mesures «Р -L» (fréquence fixée). — On 
recommande une fréquence de 3 Mc/s. : à cette 
fréquence, des échos de E ou de F peuvent 
pratiquement étre obtenus pendant toute l'an- 
née. 

Onrecommande de discriminer la polarisation, 
si possible. | 

On suggére les périodes suivantes pour les 
observations : 

Première priorité: Journées de l?ret 2€ ordres (?). 
Recommandation générale : Mesures continues. 


Prof. Elias states that, in Holland, it is found 
impossible, owing to Post Office regulations, 
to work continuously on 3 Mc/s. but that he 
has been working on 4 Mo/s., and thinks that 
2 Mc/s. or 4 Mc/s. will be better in his case. 


The President therefore suggests that if 
3 Mc/s. is prohibited in any country for iono- 
spheric work, recording should be done on 
2 Mc/s. and/or 4 Mc/s. 


La premiére partie du programme résumé 
au tableau est adoptée (?). 


(1) See p. 50. 
(2) Voir p. 112, la définition des Journées Internationales. 
(3 Voir p. 50. 


b) Mesures de « P-'f ». — On décide d'effectuer 
ces mesures au midi local, tous les Jours Inter- 
nationaux, et on recommande, d'une façon 
générale, de faire, si possible, ces mesures 
chaque jour. Chaque mesure devrait couvrir 
toute la gamme de fréquences pour lesquelles 
on peut observer des échos. 


c) Mesures de « P'-f» pour des périodes de 
24 heures. — On décide d'entreprendre се 
travail quatre fois par an et, d'une façon géné- 
rale, on recommande d'effectuer ces mesures 
les jours de 3° et 4€ ordres. On fera une mesure 
de P'-f toutes les heures. 


d) Mesures automatiques de « P'-f ». — Ces 
mesures seront du type de celles effectuées 
actuellement à Washington D. С., Huan- 
cayo (Pérou), Whateroo (Australie) et à Slough. 


Prof. Dr. Elias states that he will be able to 
collaborated in this type of test but only at 
special times and not during the evening. 


Le Dr. Lugeon а les appareils nécessaires 
pour prendre des mesures presque continues en 
Pologne. П ne devrait les interrompre qu'une 
fois par mois. 


The President says that the frequency range 
employed in this work has been limited to the 
range of one coil at the transmitter and has 
been 2.5 Mo/s. to about 5 Mc/s. at both Slough 
and Washington. The ideal would be 1-8 Mc/s. 


Dr. Hafstad points out that the increase of 
frequency range to cover 1-10 Mc/s. has been 
made at Washington. 


M. Bainbridge-Bell calls attention to a recent 
letter in « Nature» from Gilliland, describing 
briefly this new Washington apparatus (!), and 
gives the following extract : 

« Work is in progress on the replacement of 
the preliminary equipment by permanent equip- 
ment which will record over a frequency range 


(1) Nature, vol. 134, p. 379, Sept. 8, 1984. 
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from 500 to about 12.000 kc/s. The apparatus 
is arranged to cover this range in four bands. 
In order to maintain the receiving set accurately 
in tune with the transmitter, the latter is 
provided with two oscillators, one variable and 
the other fixed. The fixed oscillator is set in a 
value equal to the intermediate frequency of 
the superheterodyne receiving set. The output 
from the antenna is either the sum or the diffe- 
rence frequency depending on which band is 
being used. The variable oscillator of the 
transmitter serves also as the oscillator for the 
receiving set. Thus only the detector of the 
receiving set is required to be tuned, and this 
tuning is not critical ». 


Aprés discussion, la Sous-Commission décide 
de recommander la réalisation d'enregistrements 
automatiques de P’-f, mais elle ne spécifie pas 
de gammes de fréquences, celles-ci devant étre 
déterminées d'aprés des considérations dépen- 
dant de la latitude. 


5. The President proposes then to examine 
a few questions of nomenclature, particularly 
the names to be given to the various parts of 
the ionosphere, and the letters to be used to 
distinguish these parts. 


Prof. Elias says that his experiments have 
clearly demonstrated that there are two distinct 
layers, one being only observed during the day, 
which is produced by the action of the ultra- 
violet solar rays and whose height varies 
between 200 and 250 kilometres, while the 
other is only observed at night and its height 
varies between 300 and 450 kilometres. "There 
is а very remarkable difference between the 
echoes emitted by those layers, the echo signals 
received by the cathodic oscillograph being 
during the night of an appreciable width, while 
during the day they are narrow. Which shows 
that the reflecting layer is narrow during the 
day and relatively broad during the night. At 
last, his experiments have never shown the 
least correlation between the appearance of the 
nightly layer and the behaviour of the даују 
layer. He is of the opinion, that it is not 


desirable to use the same notation for the 
higher reflecting layer by day as well as by 
night. 


The Chairman asks if any other worker has 
arrived at similar conclusions from his work. 
He observes that Prof. Elias has only used two 
frequencies : 2 and 4 megacycles. He thinks 
that using а frequency range, one is able to 
observe that the height of the layer varies 
continuously with frequency. 


Prof. Chapman thinks that since the nature 
of the phenomena does not yet seem very well 
understood, it would be premature to actually 
change the nomenclature. 


Mr. Ratcliffe explains that in his own expe- 
riments he has arrived at some wrong conclusions 
by using a few isolated frequencies but has 
immediately modified the conclusions when he 
has used а continuous range of frequencies. 
He thinks that Prof. Elias' conclusions are due 
to the fact that he used only a few isolated 
frequencies. 


Les désignations E et F pour les deux régions, 
de nuit aussi bien que de jour, sont acceptées 
à la majorité des voix. 


La discussion continue ensuite sur la façon 
de désigner les fréquences critiques, et sur 
l'emploi des mots «ordinaire» et «extraordi- 
naire » appliqués aux deux rayons. 


The President exposes the nomenclature re- 
cently adopted by the National Bureau of 
Standards, and asks if the members think it 
necessary to modify this nomenclature. 


Prof. Elias prefers the names « gauche » et 
«droit» — «left-handed» and « right-handed » 
instead of « ordinary » and « extra-ordinary ». 


The President observes that the ordinary ray 
sometimes has a right-handed polarization. 


Prof. Chapman says that if Prof. Elias’ 
suggestion is adopted, the names would have to 
be changed in the Southern hemisphere. 
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M. Ratcliffe finds the words « ordinary » and 
 «extra-ordinary » very suitable although they 
are taken in significance slightly different from 
those used in optics. The terrestrial magnetic 
field only influences on the extra-ordinary ray. 


Mise au vote, la proposition de conserver les 
termes « ordinaire » et « extraordinaire » est adop- 
tée, le Prof. Elias votant contre. 


M. Ratcliffe proposes for the designation of 
the critical, frequencies of those two rays, 
«fg,» and «f£,» instead of «fg,» and «fe». 


Aprés discussion, cette proposition est adop- 
tée. Les fréquences critiques seront par con- 
séquent, désignées par : 


Јер је» Јер Јер etc., 
et, lorsque l’on désire distinguer entre les rayons 
ordinaire et extraordinaire, par : 


fk» ЈЕ, etc. 


6. Mr. Naismith refers to Ursigrams and 
general interchange of data. 


The President says that he is of the opinion 
that it is not necessary to broadcast Ursigrams 
and that a weekly Ursigram is sufficient for 
most purposes. The interchange of data is 
liable to lead to difficulties and suggests that a 
committee should be appointed to report pro- 
gress to the Secretary General for the next 


Congress. 


Dr. Hafstad suggests that this committee 
might be used for the interchange of data on 
abnormalities. 


Mr. Heising suggests that the same committee 


might transmit available data from commercial 
circuit operation for comparison with iono- 
spheric data. 


The President thinks that separate groups 
should use the commercial transmission data 
and correlate with their own ionospheric data. 


La Sous-Commission propose de constituer 
un Comité ayant pour mission : 

a) De tenir la liste des pays effectuant des 
mesures de l’ionosphère ; 

b) D'élaborer un programme de Journées 
Nationales ; 

c) D'aider à l'échange de renseignements ; 

d) D'annoncer les observations spéciales sur 
les éclipses, les phénoménes météoriques, 
les troubles magnétiques, etc; _ 

e) De recueillir les données fournies par les 
trafics commerciaux et pouvant étre comparées 
aux résultats des mesures de l'ionosphére. 


7. The President then proposes the sub- 
commission of Polar-Year to be dissolved, and 
its works to be continued by & Permanent 
Committee which would deal with the mat- 
ters 6 (a) to 6(e) above. 


La Sous-Commission décide à l'unanimité 
de dissoudre la Sous-Commission de l'Année 
Polaire et de confier ses recherches au Comité 
Permanent dont question au 6 ci-dessus. 


8. On passe ensuite à l'établissement des 
résolutions à présenter à la séance pléniére de 
la Commission П (?). 


La séance est levée à 11.30 heures. 


(1) Voir p. 110. 


Programme des mesures 


Genre de mesure 


Minimum nécessaire 


1) P' — t, sur 8 mégac. 
si possible, avec 
polarisation. 

2) Р’ -f. 

national. 

8) P' — f, pendant au 

moins 24 heures. 


Jours internationaux de premier 
et de second ordres. 


Au midi local, chaque jour inter- 


Aux solstices et aux équinoxes. 


Date des mesures 


Recommandations générales 


Mesures continues. 


Au midi local, tous les jours. 


Jours internationaux de troi- 
siéme et quatriéme ordres. 
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Sous-Commission 2. — Des Taches solaires 
Sub-Commission 2. — Sunspots 


Séance du vendredi 14 septembre. — Meeting held on Friday, September 14th. 


La séance est ouverte à 16.30 heures sous la 
présidence de M. R. A. HEIsING, Président de 
la Sous-Commission, assisté de M. L. H. Bain- 
bridge-Bell, comme rapporteur. 


Assistent à la séance: MM. le Commandant 
R. Bureau, le Prof. S. Chapman, D. L. Eckersley, 
L. Espenchied, le Lt. de Vaisseau J. Habert, 
S. Namba et le Prof. H. Yagi. 


The President states that the main business is 
lo discuss a, proposition of Shelleng (originated 
by Dr. С. E. Hale) for measures to increase 
knowledge of correlation ој Radio ата Sunspot 
phenomena. Schelleng states that effect of 
Sunspot on Radio is only partially known. 
Skellet has tried to correlate Radio conditions 
with spectro-heliograph observations. Schel- 
leng believes that it is desirable to make con- 
tinuous observations on the sun throughout 
24 hours of the day by spectro-heliograph ог 
otherwise, to detect causes of disturbance in 
radio transmission that are not at present 
attribuable to sunspot phenomena. He sug- 
gests а program of а week's observation to 
begin 27 days after а magnetic storm. 


Prof. Chapman mentions the Committee of 
the International Council of Scientific Unions 
(with members representing the U. R. S. I. and 
the Astronomical and Geophysical Unions) for 
Solar and Terrestrial Relationships. 

Bell Laboratories have recorded Radio Cha- 
racter in 27 day periods. 


Le Lt. de Vaisseau Habert déclare que la 
période de 27 jours affectant la propagation des 
ondes radio-électriques est plus remarquable 
dans la zone de fréquence maximum des aurores 
polaires ; il préconise, en conséquence, l’instal- 
lation de stations d’observation en Islande et 
en Norvège. | 


M. Eckersley confirms the above suggestion 
and says magnetically disturbed days show 
violent variation of transmission constants, 
and that correlation Radio-Magnetic is more 
marked than Radio-Sunspot or Magnetic-Sun- 
spot. 


Le Commandant Bureau signale qu'il serait 
trés utile de disposer, dans les recherches sur 
les parasites atmosphériques, d'une documen- 
tation relative aux caractéres radioélectriques 
et magnétiques de chaque jour. 

En effet, les parasites atmosphériques que 
nous recevons sont la conséquence de l'action 
де la propagation sur les ondes naturelles 
rayonnées par les foyers d'atmosphériques. 

L'un des problémes posés par toute recherche 
sur les atmosphériques consiste donc à séparer 
l'action due aux foyers mémes et celle due à la 
propagation. 

Les résolutions suivantes sont établies pour 
étre soumises à la Commission II : 


La Sous-Commission exprime le désir de voir 
continuer l'étude des relations entre les phéno- 
ménes solaires et géophysiques, et la radio- 
propagation. 

La Sous-Commission estime que ce travail 
pourrait étre poussé plus avant si les compagnies 
et organisations publiaient les renseignements 
qu'elles obtiennent sur les caractéres de la 
propagation des circuits, de facon à permettre 
leur emploi par les Astronomes, Géophysiciens 
et autres chercheurs, pour en établir les relations 
avec les observations que ceux-ci pourraient 
faire. 

La Sous-Commission recommande de plus, 
que pour le moment, le caractère de la propa- 
gation ne soit pas exprimé en plus de cinq degrés 
et que les renseignements soient publiés sous 
forme de diagrammes comprenant des périodes 
de 27 jours. 
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Enfin, la Sous-Commission souhaite que le 
Comité Exécutif examine la possibilité de 
centraliser les réponses, 19, en prenant des 
mesures pour que les renseignements soient 


réunis et publiés, et 29, en étudiant le meilleur 
mode de présentation de ces renseignements. 


La séance est levée. 


Sous-Commission 3. — Action réciproque des ondes radio-électriques 


Sub-Commission 3. — Interaction of radio-waves 


Séance du lundi 17 septembre. — Meeting held on Monday, September 17th. 


1. La séance est ouverte à 9.45 heures, sous 
la présidence du Dr. B. vAN DER Por, Président 
de la Sous-Commission, assisté du Dr. Mary 
Taylor, comme rapporteur. 


2. Assistent à la séance : MM. P. Baudoux, 
T. L. Eckersley, L. Espenchied, le Prof. Hackett, 
H. L. Kirke, le Prof. C. Manneback, le Prof. 
R. Mesny, l'Ing. Picault, W. P. Wilson et le 
Prof. H. Yagi. 


3. The Chairman gives ап account of the 
paper by himself and M. van der Mark (!). 


4. Discussion du document n° 62 ('). 
Mr. Eckersley remarks that experiments by 
himself and Mr. Tremellen at Chemsford have 
led to the same conclusions as those described 
by the President, but the path from the wanted 
station to the receiver seems to pass within 
about 500 km. of the interfering station (Luxem- 
burg) instead of only 250-300 km. as found by 
the President. M. Eckersley has also observed 
that the low frequencies are more strongly 
modulated. The stations on which interference 
has been, are all within an arc with Luxemburg 
as the interfering station. In experiments 
with M. Smith, he has tried to observe the 
difference of tones from Leipzig of frequency 
o,-9, in the 900. metre band; something was 
heard but was not identifiable. He asks the 
President to define more precisely the meaning 
of the terms «first » and « second » order effect. 


mt 


(1) Document n° 62, p. 192. 


The President explains that the term « second » 
order effect arises by considering the ordinary 
linear effect to be of zero order ; the modulation 
effect only arises from the next-but-one term 
of the third degree, in the non-linear expansion 
so it migth be termed a « second » order effect. 
Terms of frequency (2e,€,) and (20)-0,) 
would, however, also be expected to arise. 


Mr. Eckersley remarks that, in general, effects 
due to thermal agitation are large, compared 
with effects due to the velocity of production 
of electrons. 


The President says that the change of the 
number of impacts per seconds due to the 
interfering station would only give a very slight 
rise in temperature. 


Mr. Eckersley thinks the Doppler effect would 
be small. He suggests investigating the direc- 
tional effect of the interference. 


M. PIng. Picault attire l'attention sur les 
effets d'interférence observés pour les stations 
de Bordeaux et dit qu'il espére que l'étude 
d'effets semblables sera étendue aux fréquences 
autres que celles réservées à la radio-diffusion. 


Mr. Kirke and Mr. Wilson describe a case of 
possible interference in connection with Daven- 
try stations. 


After further discussion, in which Mr. Éspen- 
chied and Mr. Kirke also take part, the President 
suggests that definite experiments may profi- 
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tably be made on the subject; Luxemburg 
station may be asked to emit à programme of 
Morse dashes on а low frequency during 
broadcasting hours and listeners all over Europe 
may be asked to report on which stations they 
hear interference from Luxemburg. 


5. On nomme ensuite un sous-comité cons- 
titué par MM. Eckersley, Kirke et Picault, 
pour étudier et organiser des expériences inter- 
nationales de base; les rapports reçus seront 
envoyés au Dr. van der Pol aux fins d'analyse 
et de présentation des résultats (!). 


M. Espenchied drews attention to the possi- 
bility of mistaking effects due to the receiver 
for the true interference effect and suggests 
sending out engineers with proper measuring 
apparatus as observers. 


M. Wilson suggests taking measurements on 
the « first » order sum and difference of frequen- 
cies. The presence of such effects would prove 


that the phenomena is due to non-linearity. 


6. La séance est levée à 11.15 heures. 


Rapport du Sous-Comité de l’Action Réciproque des Ondes Modulées, dans l'Ionosphére 
Report of Sub-Committee on Interaction of Modulated Radio-Waves in the Ionosphere 


1. Le Sous-Comité estime que l'importance 
де la question est suffisante pour justifier 
l'organisation de recherches étendues. 


2. Il est proposé de demander à certains 
postes européens d'émission à ondes longues, 
de collaborer aux recherches, en prétant leurs 
émetteurs pendant deux heures de nuit, une 
fois par semaine, et ce pendant trois semaines. 
La modulation serait intermittente d'environ 
80% à 200 p. p. s., l'intermittence étant de 
l'ordre de 2 secondes. 


3. Le Dr. van der Pol est prié de s'enquérir 
si le poste de Luxembourg serait disposé à 
collaborer comme stipulé en 2. 


4. M. Picault ou PU. R. S. I. est prié de 
s'enquérir si Radio-Paris serait disposé à colla- 
borer comme indiqué au 2. 


5. On demande aux délégués de tous les 
pays d'organiser un systéme de réception et 
d'écoute en vue des essais et de veiller autant 
que possible que les récepteurs utilisés ne soient 
pas de nature à causer l'un des effets étudiés 
et que seuls des observateurs expérimentés 
soient utilisés. 


(2) Voir ci-après le rapport de ce sous-comité. 


1. The Committee is of the opinion that the 
matter is of sufficient importance to warrant a 
wide research being undertaken. 


2. It is proposed that certain European 
long-wave stations be asked if they would 
co-operate to the extent of lending their trans- 
mitters for the period of two hours on one night 
in each week, for three weeks. The modulation 
to take the form of an intermittent modulation 
of about 8095 at 200 p. p. в., the intermittency 
to be of the order 2 seconds. 


3. Dr. van der Pol is asked to inquire from 
Luxemburg whether that station is prepared 
to co-operate as in 2. 


4. M. Picault or U. R. S. І. is asked to 
enquire if Radio Paris would be prepared to 
co-operate as in 2. 


5. Representatives of each country are asked 
to organise listeners and receivers for the tests 
and to endeavour as far as possible to ensure 
that the receivers used are not likely to cause 
any of the effects being looked for, and that 
as far as possible experienced observers only 
are employed. 
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6. a) On demande qu'un délégué de chaque 
pays réunisse et analyse autant que possible, 


les rapports de son pays, et les envoie au Dr. van 
der Pol. | 


b) La Pologne est priée de faire des expé- 
riences indépendantes en utilisant Varsovie 
comme station interférente. 


c) L'U. R. 5. S. est sollicitée pour exécuter 
une série d'essais semblables sur son territoire. 


7. La British Broadcasting Corporation est 
disposée à effectuer une série séparée d'essais 
en utilisant ses propres stations, tout en colla- 


borant aux expériences européennes. 
8. a) Nature des essais. 


Les essais doivent être exécutés pendant les 
périodes d’obscurité. 


b) Chaque observateur devrait accorder son 
récepteur suecessivement sur chacune des sta- 
tions européennes qu'il reçoit clairement et 
écouter l'interférence du son de modulation de 
la station d'interférence. 


c) Au début on estimait qu'une période 
d'une heure par nuit était suffisante, mais des 
considérations ultérieures ont montré qu'il peut 
ne pas étre possible pendant ce temps de faire 
assez d'observations suffisamment longues pour 
être de quelque valeur; c’est pourquoi, on a 
proposé des périodes de deux heures. 


d) Le but des essais est de déterminer le plus 
loin possible, les zones couvertes par l'inter- 
férence; pour cette raison, des observations 
devraient être faites sur toutes les stations 
recues clairement, méme si l'on та pas la 
certitude que le phénoméne d'interférence se 
produira ou non. 


e) Il serait désirable que le document n? 62 
soit mis en circulation. 


6. (a) А representative of each country 18 
asked to collect and analyse as far as possible 
the reports of his country and send them to 
Dr. van der Pol. 


(b) Poland is asked to carry out separate 
tests using Warsaw as the interfering station. 


(c) That U. R. S.S. be asked to carry out 
a series of similar tests in their own country. 


7. The British Broadcasting Corporation is 
prepared to make a separate series of tests 
using their own stations, as well as co-operating 
in the European tests. | 


8. (a) Nature of tests. 


The tests must be carried out in the dark 
period. 


(b) Each observer should tune his receiver 
to each of the strongly received European 
stations in turn and listen for interference from 
the modulating tone of the interfering station. 


(c) It was originally thought that a period 
of one hour on each night would be sufficient, 
but further consideration shows that it might 
not be possible in the time to make sufficient 
and sufficiently long observations to be of value, 
and therefore à period of two hours is proposed. 


(d) Тће object of the tests is to determine 
as far as possible the area covered by the 


interference; and for this reason observations 


should be made on all strongly received stations 


. irrespective of whether or not it is considered 


that the interference phenomenon is likely to 
be present. 


(e) A сору of Paper по 62 should be 
circulated. 
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Sous-Commission 4. — Les Eclipses 


Sub-Commission 4. — On Eelipses 


Séance du vendredi 14 septembre. — Meeting held on Friday, September 14th. 


La séance est ouverte sous la présidence du 
Prof. S. CHAPMAN, Président de la Sous-Com- 
mission, assisté de M. R. H. Barfield comme 
rapporteur. 


Assistent à la séance: MM. le Dr. Hafstad, le 
Prof. R. Jouaust, le Dr. Е. У. С. White et le 
Prof. H. Yagi. 


The President calls attention to three papers, 
по 35, 36, and 56, which are to be discussed. 

He proceeds to outline briefly the contents 
of по 56 (!) on «Ionization Changes during 
Solar Eclipses » by Prof. E. V. Appleton and 
himself. The results of the various observing 
groups confirm that ionization in the E and Fi 
layers is caused by the agency of ultra-violet 
light or other quick travelling rays. The 
evidence for corpuscular ionization is in all 
cases either negative or ambiguous. 


On passe ensuite à la discussion de cette 
étude. 


Prof. Yagi then comments briefly on Paper 
35 (?), stating that the results plainly established 
the occurence of night conditions during the 
éclipse of February 14 th, 1934, but did not seem 
to distinguish clearly between the various 
layers (E, F,, etc.). 


Dr. Hafstad then summarises a paper by 
L. V. Berkner suggesting that arrangements 
should be made to observe the eclipse of 1937, 
and suggests a convient side for the purpose. 


The President suggests that it would be 
advisable to recommend the preparation in 
advance, of charts of optical and corpuscular 
paths for future eclipses. 


Cette proposition rencontre l'approbation 
de la Sous-Commission. 


(1) See p. 189. (3) See p. 147. 


La Sous-Commission convient, en suite aux 
conclusions du document n? 56 (!), de recom- 
mander la concentration des recherches dans 
la région F, et dans les regions intermédiaires ; 
des renseignements amplement suffisants pour 
le moment, existent pour la région E. 


Dr. White states that he believes à permanent 
Committee is to be formed for ionospheric 
observations, which might be а suitable body 
to perform the above functions. 


On discute ensuite les méthodes de mesure 
à employer pour les travaux futurs. On décide 
d'utiliser les méthodes donnant le plus rapi- 
dement possible, les mesures des quantités 
intéressées. 


Le Prof. Jouaust propose Ја formation d'une 
Commission permanente analogue à celles cons- 
tituées par les institutions astronomiques ; cette 
Commission aurait pour mission la préparation, 
quelque temps avant l'éclipse, d'un programme 
défini, de méme que l'entrée en pourparlers 
avec les Gouvernements pour l'obtention des 
des crédits nécessaires. 


Dr. White suggests that the proposed Per- 
manent Committee on ionospheric observations, 
already referred to, might also be asked to 
undertake these tasks. 


La Sous-Commission décide de confier à la 
méme Commission Permanente l'étude des 
observations de l'ionosphére et la préparation 
des observations à faire lors des éclipses. 


Dr. Hafstad suggests that thespecial committee 
should make some attempt to standardise the 
form in which results are submitted. 


La proposition du Dr. Hafstad est acceptée. 
La séance est levée. 


а 


(1) Voir p. 189, 
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Sous-Commission commune aux Commissions II et V. — Etude de la Propagation d'Ionisation 
Joint Sub-Commission to Commissions II and V. — Ionization Propagation Analysis 


Séance du vendredi 14 septembre. — Meeting held on Friday, September 14th. 


La séance est ouverte à 15.30 heures, sous 
la présidence de M. T. L. ECKERSLEY, Président 
de la sous-commission, assisté du Dr. Mary 
Taylor comme rapporteur. 


Assistent à la séance : MM. P. Baudoux, 
L. A. Briggs, Prof. Dr. Jhr. Elias, Prof. Hackett, 
Prof. C. Manneback, S. Namba, J. А. Ratcliffe, 
Dr. B. van der Pol. 


The President opens the meeting by remarking 
on the importance of both practical results and 
theoretical work on the analysis of radio wave 
propagation. 


The President calls on Prof. Elias to give an 
account of his paper, Document No 3 (!). 


Prof. Elias states that he has suggested, in 
а paper written in 1926, that there are two 
ionization regions in the upper atmosphere, 
one due to solar ultra-violet radiations, and 
one due to corpuscles deflected by the earth's 
magnetic field. He has calculated the ionic 


N 


height 


Е!6 7 


(! See p. 121. 


density and found that the logarithmic gradient 
of ionization should be much steeper for corpus- 
cular than for solar ultra-violet radiation. The 
graph of ionization N due to thelatter alone has 
roughly the form (fig. 1) and its logarithm 
(fig. 2) 


Log N N 


height 
FIG 2 


is roughly represented by log ` = e", where 
0 


a includes the effect of temperature. In calcu- 
lating the reflection coefficient, an approxi- 
mation is found by taking the tangent at the 
approximate reflection point N, : g = ge“ and 
the dielectric constant e = 1 — ек where 


n = = l free molecular path, v thermal 


0 

velocity of electrons, n measures the damping. 
The reflection coefficient is approximately 
20 
ck’ 
between ray and vertical. 

He has checked this experimmentally from 
fading curves of Rotterdam-Delft transmis- 
sions (base line about 11 km.). Prof. Elias 
states that he has just succeeded in approxi- 
mating further along the curve. There is, 
however, а, whole region of reflection ; the values 
given for the height are only approximate. 


e "B9, where p = tan B — E Ф angle 
n 
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The density n, of ions necessary for reflection 
is given by 
+ _ ma? cos? OV’) + у? 

o Ange 7 
(q charge, m mass of electron). 

For ol) v, we get the usual formula 
_ п о? cos? Ф 
uu" q? 
n>> 1. 

In the E-region, however, Prof. Elias con- 
siders ņ to be small; there the conductivity is 
probably large compared to the thermal effect. 
7 also depends on frequency and is small for 
long waves. 


The F-region is given by 


The President remarks that Prof. Elias has 
touched upon the limitations of the ray theory, 
which is only adequate for офу. His own 
(M. Eckersley’s) work gives the proper values 
and possible rays for a medium with parabolic 
distribution of ionization. The ray theory 
does hold for high collision frequencies. 


Dr. van der Pol refers to Epstein’s papers ('). 
The question is when does Fermat’s principle 
hold ? 


Mr. Ratcliffe draws attention to the fact that 
Prof. Appleton has shown that E-region acts 
as a dielectric reflector, for a frequency of 
4 mo/s. Prof. Appleton has deduced this from 
magneto-ionic theory. 


Prof. Elias says that, to include the effect 
of а magnetic field, а 6th order differential 
equation is required. This can only be solved 
in simple case. 


The President states that he is well on the 
way to solving the equations for а parabolic 
distribution ionization by his phase-integral 
method. 


Dr. van der Pol remarks that the Kramers- 
Brillouin-Wentzel method would give the ray 


(1) Proc. Nat. Acad, Sci., 1930. 


solution of the differential equation and would 
probably determine all cases in which Prof. 
Elias’ method could be applied. 


The President points out that the limitations 
of the ray theory are determined by : 

(1) the collision frequency, 

(2) steep gradients in the ionosphere. 


Prof. Elias remarks that а large dielectric 
constant gives total reflection. There is diffi- 
culty in the discussion of behaviour near the 
singular points where e — 0. Reflection of 
impulse would be dealt with by inserting the 
reflection coefficient in the Fourier integral for 
the pulse form, this gives the time before the 
arrival of echoes. If у is large, the time is less 
than the time deduced from the effective heigth 
in Elias’ theory, the phase velocity is > C. 
If n is small, retardation, not acceleration, 
takes place. 


Le Prof. Manneback donne un résumé d'une 
étude déjà ancienne (!). Les lois de l'ionisation 
pourraient étre prouvées en résolvant les équa- 
tions en coordonnées polaires, et en comparant 
le nombre d'échos au nombre de rayons possi- 
bles trouvés par la théorie. Il fait remarquer 
que nous mesurons la vitesse de groupe et non 
pas de phase. 

Debye а remarqué que l'équation des ondes 
optiques : 

AW = f (x,y,z) №, 
en prenant : 
Y А еі, 
donne : 


(V D} =n? + == 


51 Је јегте = est négligeable, les lois d'opti- 


que géométrique sont valables, ce qui exige que 
les dérivées de f (constante diélectrique) soient 


«1. 
La séance est levée à 17 heures. 


(1) Congrès National des Sciences, Bruxelles 1930- 
Comptes rendus, p. 167-171. 


58 Union Radio Scientifique Internationale 


Séance du mardi 18 septembre. — Meeting held on Tuesday, September 18th. 


· La séance est ouverte à 9.45 heures, sous la 
présidence de M. T. L. ECKERSLEY, assisté du 
Dr. Mary Taylor comme rapporteur. 


Assistent à la séance : MM. Prof. Dr. Jhr. 
Elias, Prof. Fortescue, Dr. Ing. Gorio, Prof. 
Hackett, Prof. R. Jouaust, Prof. C. Manneback, 
Prof. R. Mesny, R. Naismith, S. Namba, Okamo- 
to, Dr. B. van der Pol, Prof. Dr. Wagner, 
Wilson. 


The President invites Prof. Manneback to 
continue the resume of his work left unfinished 
at the adjournement of the last meeting : 
Discussion of Relations between Wave ата Geo- 
metrical Optics. 


Le Prof. Manneback commence par donner 
l'équation de l’onde d’après la théorie de Fresnel 
ou de Maxwell, sous la forme 


eu Ow 


AY = FEE 


ov 
(1) "Ату. 3 


(notations usuelles). 

D'aprés l'argument de Debye, il obtient 
l’approximation de l'optique géométrique en 
écrivant : 


Y = R (отел, A (2,3,2) .e TETA eye) 


(2) — А cos T (ct — S) 


A réel ; 4, longueur d'onde dans le vide; R signi- 
fie partie réelle de ce qui suit. 


Ce qui donne (x = 2" 
1 ДА : 
(За) (У S? = eu + Ка А + des termes addi- 


tionnels intervenant dans le cas de compo- 
santes électriques mais non pas de compo- 
santes magnétiques. 


(3b) 2 (у S.VA)+AS8S = Атуџс 


dans lesquelles : 


es = (52) + (5 = 


me 
ба 


(VS.VA) = 
0% 02 


L'unité de longueur est ici de l'ordre де 
l'unité naturelle intervenant dans les problémes 
pratiques à traiter par la méthode, c'est à dire 


„де l’ordre de la longueur d'onde. Si == est trés 


A 
petit quand А est mesuré pour une longueur 


d'onde, ва disparaît et l'équation devient : 


(V S)! = EL, 


expression du principe d’Huygens. 
Prés d’un dipole électromagnétique, en appli- 


quant la théorie électrostatique, devient 


A 
А 
important lorsque le champ du dipole n'est. pas 
sphérique, c'est-à-dire dans un rayon d'une 
longueur d'onde. 

Pour intégrer 3 (b), on peut considérer un 
tube de rayons (voir fig.) 


Ce qui donne ZA, — constante, comme l'équa- 
tion régissant la propagation de l'énergie dans 
un tube de rayons (2, aire dela section droite). 

En considérant l'amortissement, nous avons : 


У.А? —.X,.Ale- inea f y у= % 


1 
en decibels, l'amortissement est donc = ds. 
0 € 
Pour que la méthode soit mathématiquement 
rigoureuse, l'équation (V S)? = eu пе doit jamais 
avoir une solution singulière, c'est-à-dire « doit 


A 
; = doit rester petit. 


rester positif, et également 
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Si l'on veut considerer les solutions singuliéres 
(y compris celles où є = 0), on doit employer 
l'équation exacte avec les intégrales de phase; 
cette méthode plus générale est due à M. T. L. 
Eckersley. 


Dr. van der Pol points out that Prof. Manne- 
back has started from alinear equation and 
derived non-linear ones, with all their attendant 
difficulties. It is equivalent to the derivation 
of the Riccati 1st order equation from linear 
2nd order equations. 


The President remarks that the presence of 
the earth's magnetic field completely changes 
the character of the equations. 


Le Prof. Manneback dit que l'on pourrait 
facilement étendre la théorie au cas où un champ 
magnétique intervient avec les composantes 
A,, Ар A. L'équation d'Hamilton devient 


CICER 


+ Ay S+U=W 


oz | (È Je А, +8. 2А: |+0= үү 


Ce qui est l’équation d'optique géométrique 
dans un milieu non-isotrope. 


The President then gives an account of his 
work on the theory of propagation in an ionized 
medium with an external magnetic field. A 
sixth order equation is obtained for any one 
component. He assumes for the components 
of Y the values 


Y, = A, e-?T i55, VY, = А, e- 21157, 


Y, = A,e-271$/A 


025. . А А ( д 
..‚іп comparison with | — ) ; 
+ ð х 


assuming that the ionization in the medium is 
a function of є alone, the equation for the 
refractive index is found in the determinantal 


form 


2 
1 — та — (2È Ср. Ca 
as as 
Ass 1—( =) а astm 2 = 0 
aS 
Q3 ddr + аз 1— M? + азз 


where m is the direction cosine of the angle 
made by the ray in the y-direction. The a's 
are functions of H,, H, H.. This equation is 


biquadratic in Е ; it is equivalent to the 
theoritical treatement given by Hartree. 
The values of on each of the 4 sheets of 


the Riemann's surface of the equation give 
the up- and down-going components of the 
extra-ordinary and ordinary ray; the propa- 
gation depends on the position of the branch 
points of the surface, which is of connectivity 
10. If there is à component of H in the direc- 
tion of transmission, the reflected and refracted 
rays are not symmetrical. The possible modes 
of propagation are given by the integrals 
round the branch points on the surface (S being 
kept single-valued). 


The President finds that & medium with 
parabolie distribution of ionization actually 
does give two definite proper values ; the method 
gives the phase immediately and the change in 
the imaginary part on using the integration 
gives the attenuation along a ray. 


La séance est levée à 12 heures. 
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COMMISSION III. — ATMOSPHERIQUES 
COMMISSION III. — ATMOSPHERICS 


INTRODUCTION 


Les documents с1-аргез concernant les travaux 
de la Commission III, ont été mis en circulation 
avant ou au cours de l'Assemblée Générale (') : 

Мо 
J. Lugeon. 


The following papers concerning the works 
of Commission III were circulated before or 
during the General Assembly (1). 


8. — Publications Relatives aux Recherches Radioélectriques, par le Dr. 


N° 15. — Selection of Frequencies for the Recording of Atmospherics, by H. T. Friis. 
Мо 16. — Atmospherics of Interstellar Origin, by the U. S. A. National Committee. 
Мо 20. — A Universal Unit for Measuring Atmospherics, by H. T. Friis. 

N° 27. — Report on Radio Research in Japan, by the Japanese National Committee. 
Мо 54. — Frequency Distribution of the Intensities of Radio Atmospherics, by 


K. А. Norton. 

Мо 55. — Report on Investigations on Atmospherics carried out in Great-Britain, 
by R. A. Watson-Watt. 

N? 58. — Rapport sur les Recherches relatives aux Atmosphériques entreprises pen- 
dant l'Année Polaire, par R. Bureau, R. Failletaz et J. Habert. 

Мо 59. — Sur la Comparaison de quelques Courbes de la Variation Diurne des At- 


mosphériques, par F. Failletaz. 
N? 60. — Etude des Courbes d'Enregistrement d'Atmosphériques au Scoreby Sund, 


par R. Bureau. 


Séance d'ouverture du mercredi 12 septembre 


Opening Meeting held on Wednesday, September 12th. 


La séance est ouverte sous la présidence du 
Prof. E. V. APPLETON, Président de la Commis- 
Sion. 


The President. — 'The full meeting of Com- 
mission III will not take place until Tuesday 
next, but I hope good deal of work for our 
Commission will begin before Tuesday, which 
is near the end of the Conference. — I propose 
that our time this mornig be used in planning 
the work of the sub-commissions. — Due to the 
fact that much of the information, many of the 
papers, were received actually during the 
Congress, it has been impossible to have them 
all circulated and part of the work of the sub- 
commissions will be reading the documents as 
well as planning for international work. There- 
fore I propose not to follow this morning the 


(1) Voir résumés p. 120. 


programme for Commission III which has been 
circulated and so there will be no address by 
the President this morning. Instead we shall 
try to plan the consideration of the documents 
and fix the constitution of the sub-commissions 
to be formed. After spending quite а long 
time last night on the documents of Commis- 
sion III, it seems to me that they can be grouped 
under the following headings : 


(a) Origin of atmospherics 
(1) Terrestrial, 
(2) Extra-terrestrial. 

(b) Propagation 

(c) Distant Measurements. 
(1) Scientific, 
(2) Pratical. 

(d) Interchange of data. 


(1) See abstracts p. 120. 
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Roughly speaking it seems to me that we 
require à sub-commission to consider all those 
four subjects. 

With regard to Distant Measurements, there 
appear to be two things : first we have what 
one might call the scientific measurements, 
the measurements made, for example, to find 
out the origin and the direction in which these 
atmospherics arrive : and then, there is the 
purely practical problem which confronts the 
radio engineer, the pratical problem of spe- 
cifying the atmospheric intensity with which 
the radio engineer has to cope in planning his 
wireless station. Suppose we separate this 
now into scientific and pratical, because if you 
have looked through our documents you will 
find we have papers on the scientific side 
and important practical suggestions from Ame- 
пса, а paper by Dr. Friis. With regard to 
(a) « Origin » we are going to have communi- 
cations on lightning, terrestrial and inter- 
stellar space, or extra-terrestrial. I suggest the 
following sub-divisions (1) terrestrial (2) extra- 
terrestrial. 

(b) Propagation, we have in our documents 
papers by Dr. Lugeon dealing with the effect 
of the ionosphere on propagation. 

When we come to (c) Distant measurements, 
we have important communications by the 
French National Committee dealing with what 
I might call (c) (1): the scientific documentation 
of atmospherics. That also includes not only 
measurements of intensity but also measure- 
ments made by Mr. Watson-Watt with а 
cathode radio direction finder, and important 
papers on pratical measurements. 


I propose we should have four sub-commission 
to deal with these points, апа I propose we 
leave until the end of the Conference the inter- 
change of data. 


I propose the first sub-commission on Origin 
should be presided over by Professor Norinder. 
(Agreed.) 


Sub-Commission 2 on Propagation presided 
over by M. Watson-Watt. (Agreed.) 


Sub-Commission 3, on Measurements presided 
over by Commandant Bureau. (Agreed.) 


Sub-Commission 4, on Directional Reading, 
presided over by M. Espenschied. (Agreed). 


I propose to leave «Interchange of data» 
until we have the reports of the other sub-com- 
missions. 


The members of the sub-commission ] should 
pay special attention to the precise specification 
of the electric field emanating from a lightning 
flash. It is highly important that we should 
know something of the intensity of the field 
emanating from lightning, its frequency, and, 
if possible, its complete wave form structure. 


Mr. Herd. — When delegates have been 
appointed as members of the sub-commissions, 
the National Physical Laboratory staff will 
then be provided from the N. P. L. 


La Sous-Commission ], Origine des Atmo- 
sphériques, est constituée par MM. Prof. 
Norinder (Président), Heising, Lt. Habert, 
Dr. Simpson, Dr. la Cour, Dr. Schonland. 


The President. — Sub-Commission 2, on 
Propagation should have powers to extend its 
survey beyond the material given in the papers 
here, in order to be a really useful sub-com- 
mission. I hope that it will consider that very 
interesting subject of musical atmospherics 
which were first discovered by the Engineer-in- 
Chief of the Post Office, Sir William Preece, 
certainly 40 or 50 years ago. They have been 
studied by Prof. Barkhausen and Mr. Eckersley, 
and an interesting paper has recently been 
written by E. T. Burton in the Bell Telephone 
Journal. There is another subject I hope they 
will consider, and that is the series of papers 
written by Dr. Lugeon, dealing with the effect 
of sunrise on the propagation of atmcspherics ; 
particularly interesting is his method of measu- 
ring the height of the ionosphere by finding the 
time in the morning when these atmospherics 
begin to make themselves evident, and I hope 
it will be possible for Dr. Lugeon to be a member 
of that second sub-commission. 
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La Sous-Commission 2, Propagation des 
Atmosphériques, se composera de : MM.Watson- 
Watt (Président), Dr. Lugeon, Eckersley, Dr. 
Jensen, Espenchied, Commandant Bureau. 


La Sous-Commission 3, Mesure des Atmos- 
phériques, est constituée du Commandant Bu- 
reau (Président), Dr. Lugeon, M. Watson-Watt, 
Dr. Wagner, Col. Sacco, Prof Yagi, Dr. Warsm- 
sley, M. Espenschied, Ing. Picault, Dr. Jensen. 


Répartition des documents : 


N? 15 — Selection of frequencies for the record- 
ing of atmospherics. Sous-Commission 3. 


Мо 16 — Atmospheries of interstellar origin. 
Sous-Commission ]. 


N? 20 — A universal unit for measuring atmo- 
spherics. Sous-Commission 3. 


Мо 27 — Report of Radio Research in Japan. 
Sous-Commission 3. 


Мо 54 — Frequency distribution of the intensity 
of radio atmospherics. Sous-Commission 2. 


N? 55 — Report to Commission III on inves- 
tigations on atmospherics carried out in 
Great Britain. Sous-Commission 4. 


The President. — I would like you all to read 
the early part of that document because it 
gives the linkage we require to be discussed at 
the later meetings with the decisions of the 
Copenhagen meeting. 

In addition to those documents which have 
been circulated I have also received two further 
communieations from France. They arrived 
yesterday, and so I am afraid it has been 
impossible for them to be circulated. They 
come under Sub-Commission 3. Опе deals 
with apparatus for the registration of atmo- 
spherics, and the other is a comparison of 
certain curves of diagonal variation of inten- 
sities. The only important thing is to make 
sure that Commandant Bureau is present at 
the particular sub-commission which will deal 
with these two documents, and I think we will 


assign them both to sub-commission 3 of 
which he is President. 


Le Dr. Lugeon demande que l'on fasse entrer 
la standardisation des appareils dans la sous- 
commission 3. 

Cette proposition est admise. 


The President. — Perhaps I might say а word 
or two about the meetings of these sub-com- 
missions. It is of course desirable that any 
member of the whole Congress who is interested 
in the work of any of those sub-commissions 
should feel quite free to attend them. Also I 
am afraid that it will be necessary for meetings 
of the sub-commissions to take place sometimes 
during full meetings of other Commissions. In 
such cases members will have te decide where 
their time would be most profitably spent. 
We have only three rooms, А, B and C, at the 
disposal of the sub-commissions, and there will 
be heavy pressure on them. I propose the 
sub-commission on ionosphere measurements 
should meet this afternoon at 2.45 for an hour 
in room А. Some members will! not feel free 
to come and will want to attend the meeting 
of Commission I. The Presidents of sub-com- 
missions, when booking rooms, must put down 
the time of finishing as well as beginning. 


Mr. Watson-Watt. — I think we shall be able 
to get further rooms at the Royal Astrono- 
mical Society. Another suggestion has been 
made to me for the assistance of the Presidents 
of sub-commissions and members, is that there 
should be delegated to one individual the 
responsability of being Secretary to the General 
Secretary, and M. Herd will do this. 


Тће President. — An assistant secretary for 
the purposes of the sub-commissions programme 
only is required. Each sub-commission will 
appoint at its first meeting its own reporter, 
and it will be helpful to the secretariat if the 
name of the reporter were communicated as 
soon as possible to Captain Dorsimont. 
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Séance pléniére du mardi 18 septembre. — Full Session held on Tuesday, September 18th. 


]. La séance est ouverte sous la présidence 
du Prof. E. V. APPLETON, Président de la Com- 
mission, assisté de M. R. A. Watson-Watt 
comme rapporteur. 


2. The President opens the session with a 
discourse on the energy spectrum of atmo- 
spherics. Interference from this source is now 
regarded as possessing &n energy spectrum 
over & wide range of frequencies, and any 
communication channel working on a particular 
frequency or band of frequencies is necessarily 
exposed to the interference corresponding to 
this range of frequencies in the atmospherics 
spectrum. À very useful analogy is the spec- 
troscope of physics and there is even a mathema- 
tical analogy between the selectivity of a 
wireless receiver and the resolving power of the 
spectroscope. The practical available procedure 
is one in which а series of receivers is used and 
the spectrum of the atmospheric derived from 
knowledge of the reponse of the receivers. 

The President then considers this method in 
relation to the response curve of a wireless 
receiver, discussing the preferable quantities 
to be measured and the parameters to be held 
constant for determination of the energy spec- 
trum. 


3. The President then introduces the main 
subject of discussion, viz, the study of lightning 
phenomena. Two communications are on the 
agenda, one а joint paper by M. Watson-Watt 
and himself on the nature of atmospherics as 
illustrated by cathode-ray oscillography, and 
the other by Prof. Norinder on the results of 
somewhat similar observations in Sweden. 


4. Introducing the first paper the President 
refers to the fact that work of this kind began 
in the experiments of C. T. R. Wilson in 1917 
and earlier, when measurements were made on 
the sudden change of the electrostatic field 
which took place when the thundercloud dis- 
charged to the ground. From the wireless 


point of view, however, greater interest is 
attached to the intimate structure of this rapid 
change. The work in Engiand covered by the 
paper is in two sections, the first concerns 
with observations close to the lightning flash, 
carried out at King's College and the other 
with observations of a similar aim by with more 
elaborate technique to deal with more distant 
sources, carried out at Radio Research Station, 
Slough. 

The President then refers to the method of 
photography using afterglow of fluorescence as 
devised by Dr. F. W. Chapman and illustrates 
the results obtained at different distances, 
e. 2. up to 300 km. These agrees well with 
Wilson's early experiments ; but detailed diffe- 
rences from Wilson's forms of the electrostatic 
field change are illustrated. At distances bey- 
ond 100 km. the radiation field alone is impor- 
tant and the records show а slow hump with 
high frequencies superimposed on it, while 
eventually the high frequencies become sepa- 
rated from the hump. 


b. Mr. Watson-Watt continues the presenta- 
tion of the paper by first summarising the whole 
like history of the atmospheric as revealed by 
the combination of the two sections of the work 
referred to by the President. Slides are shown 
illustrating the typical stages of a discharge and 
the nature of the field change at increasing 
distance from the source, continuing from the 
position at which the electrostatic term is 
becoming unimportant. Propagation takes 
place not in a simple homogeneous medium but 
in à dispersive medium, resulting in different 
group-velocities for different component fre- 
quencies. The higher frequencies retain higher 
group-velocities and are less heavily attenuated 
than the lower frequencies. The result is that 
the outrunning of the low by the high fre- 
quencies (to which the President has referred) 
becomes more and more obvious as distance 
from the source increases. At 2000 km. from 
the source, the separation becomes so great that 
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the atmospheric is composed of two completely 
separate parts, а high frequency component 
of the order of 5.000 c/sec. followed, after a 
period of no sensible field change, by a tail 
containing components of the order 500 c/sec. 
It is still à matter of investigation whether there 
is a relatively very small content of intermediate 
frequencies, say, 1.000 to 5.000 сјвес. in the 
original:impulse or whether dispersive action 
includes specially heavy selective absorption 
in this band. The speaker then discuss diffe- 
тепсев of amplitude with distance, referring to 
the fact that the presence of a conducting region 
modifies the law of spreading from the spherical 
spread of the earlier stage to the cylindrical 
spread of the later stage. Other slides are 
shown, one collating the data, as available at 
tbe moment, for the maximum amplitudes of 
the two important components of the field 
change, while another reproduces oscillograms 
made to а more open time scale illustrating 
substantial identity in complex fine structure 
between two successive atmospherics separated 
by 66 seconds. Lastly reference is made to the 
fact that there is evidence that the attenuation 
of the high frequencies depends not only on 
distance but also on the actual path, as shown 
for example, by considerable differences on the 
paths from an Atlantic source to Slough and 
Leuchars respectively. 


6. In discussion of the paper, Mr. Heising, 
says that there appears to be a gap in the spec- 
trum and suggests ionised hydrogen in the 
earth's magnetic field as an absorbing agency 
for frequencies round about 1800 c/sec. He 
also enquires whether there is any difference in 
frequency as received from different distances. 


Mr. Watson-Watt replies that the possible 
explanation by hydrogen ions has been con- 
sidered, but that there is great difficulty about 


finding any other evidence of, and in accounting 
for, the free hydrogen. In regard to the query 
about high frequencies, the predominating 
frequency, i. e. that with the highest relative 
amplitude and that which arrives first, is 
definitely higher the greater is the distance 
from the source. 


Dr. Whipple and Prof. Wagner also join in 
the discussion. 


7. Le Prof. Norinder donne ensuite un aperçu 
de la deuxiéme communication dont un nombre 
limité de copies sera disponible ultérieurement. 

Les enregistrements montrés ont été obtenus 
à l'aide d'un oscillographe cathodique à grande 
vitesse et les observations sont continuées. Le 
Prof. Norinder montre des clichés des appareils 
et des installations; on utilise deux oscillo- 
graphes, l'un comme indicateur, l'autre comme 
enregistreur. П montre aussi des enregistrements 
illustrant les résultats obtenus, ceux-ci com- 
prennent une table de fréquences des atmo- 
sphériques, des formes oscillatoires ou uni- 
polaires, des polarités différentes, des enregis- 
trements à temps de base lents ou rapides ainsi 
que le rapport entre l'allure des ondes de 
claquement et celles des ondes de grincement 
comme on les entend dans un récepteur ordi- 
палге. 


8. On décide de nommer une Sous-Com- 
mission supplémentaire pour discuter la recher- 
che de la direction des atmosphériques et pour 
préparer des résolutions sur ce sujet, à soumettre 
à l'approbation de la Commission lors de la 
séance de clóture. 


Cette Sous-Commission 4 comprend : MM. 
R. A. Watson-Watt (Président), Commandant 
R. Bureau, Prof. H. Norinder, Prof. Dr. K. W. 
Wagner, Dr. Lugeon. 
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Séance de clóture du mercredi 19 septembre. 


Final Meeting held on Wednesday, September 19th. 


]. La séance est ouverte sous la présidence 
du Prof. E. V. APPLETON, assisté de M. Vigou- 
reux comme rapporteur. 


2. The President. — 'The first business this 
morning is to receive and consider the reports 
prepared by our sub-commissions. In order 
that you can see exactly how we arranged our 
work, I have written on the black-board the 
names of the four sub-commissions and the 
names of the gentlemen who presided. 

Sub-Commission ] : Origin, Prof. Norinder. 

Sub-Commission 2 : Propagation, M. Wat- 
son-Watt. 

Sub-Commission 3 
mandant Bureau. 

Sub-Commission 4 : Directional Recording, 
M. Watson-Watt. 


3. Prof. Norinder. — La Sous-Commission 
désire présenter les résolutions suivantes à la 
Commission III. 

(Le Prof. Norinder lit les résolutions (?) qui 
sont traduites en français par M. Vigoureux). 


The President. — Тћапк you Prof. Norinder 
and our translator. 


Measurements, Com- 


Dr. Whipple. — With regard to resolution 5, 
I think that this draft does not bring out the 
intention which is, I gather, to make use of 
records which have been made already and 
which are in course of production in the routine 
of magnetic observations. Observatories which 
are provided with the la Cour magnetograph 
have been recording lightning flashes in their 
neighbourhood quite unintentionally, and I 
gather the intention as that these records 
should be examined systematically and the 
number of such disturbances should be counted 
and used for statistical purposes. « By suitable 
recording » does not seem to me quite the same 
as « by the analysis of existing records ». 


(1) Voir p. 78. 


The President. — Do I understand you cor- 
rectly, Dr. Whipple, in that I think you would 
prefer to have some record made of the work 
already in progress ? 


Dr. Whipple. — That was the moral, I think, 
to be drawn from the records which Dr. la 
Cour produced. During the Polar Year all 
these observatories had la Cour Magnetographs. 
They have recorded these disturbances and 
something could be made of them. 


The President. — You would not only consider 
analysis of existing records but it would be 
extended in the future. 


Dr. Whipple. — Y do not think that the 
suggestion is put forward that anyone should 
go to special expense in making magnetic 
records of disturbances, it is purely a matter of 
making use of the recorders in use in the Polar 
Year. 


The President. — Dr. Whipple, could I ask 
you to suggest an amended form for resolu- 
tion 5 ? 


Dr. Whipple. — « By the analysis of magnetic 
records which showed the effects of lightning ». 
I do not know any harm in a specific reference 
to the la Cour magnetograph. For example, 
«obtained with the la Cour magnetograph ». 
«The Committee is of the opinion that the 
magnetic observatories throughout the world 
can make important contributions to statis- 
tical research on thunder storms by the analysis 
of magnetic records showing the effects of 
lightning ». 


Mr. Watson-Watt. — 1 do not wish to oppose 
the amended wording, but I did not bring from 
the discussion the same impression as Dr. Whip- 
ple has brought, nor did Prof. Norinder share 
the impression that what was specially invisaged . 
was analysis of previouly existing records. Му 
impression was that these records were produced 
to demonstrate that future work would be of 


5 
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great value. It is true that the amended 
wording leaves the future as well as the past 
permissive, but in the absence of Dr. la Cour 
I am not able to interpret his intentions, (he was 
the mover of the resolution) but I do feel it 
should be clearly indicated that we did hope 
that when magnetic instruments are working 
in & suitable situation and the opportunity 
offers, the magnetic record should be specially 
examined with reference to the other data 
about the place of discharge of the lightning, 
which I rather feel may not be available in all 
the cases of the past records during the Polar 
Year. 


Prof. Norinder. — Je suis complétement 
d'accord avec ce qu'a dit M. Watson-Watt. 


The President. — It remains to vote on the 
matter. We will take the amendment first. 
4 for, 2 against. The amendment is carried. 
We accept the change in the text given by 
Dr. Whipple. 

Paragraph 5 «by the analysis of magnetic 
records showing the effects of lightning ». 


Commandant Bureau. — Avant de prendre 
une décision définitive, ne pourrions nous pas 
attendre l’arrivée du Dr. la Cour qui sera ici 
avant la fin de la séance ? 


The President. — I do not think that is 
possible. This meeting is а definite meeting. 


M. Shaughnessy. — Add а paragraph to this 
effect ? «and work in this direction can be 
continued » The amendment does not limit 
it to the comparison with past effects, but if 
there is any doubt «that the subject can be 
continued ». 


Тће President. — Can I put the whole docu- 
ment to you as а whole and put it that these 
recommendations to Commission III be adop- 
ted ? (Adopted.) 

In each case it seems to me very desirable to 
have some standing sub-commission that might 
act or draw the attention of other bodies to 


these resolutions. They are all statements 
that certain things are very desirable, and if 
we merely put these things on paper without 
having somebody to act as propagandist, 
perhaps we may not get much further. We 
might have а sub-commission which will collect 
information of this type, draw the attention 
of groups of interested workers to work of 
similar character going on in different parts of 
the globe. I suggest that Prof. Norinder act 
as the President of à standing sub-commission 
to draw the attention of interested bodies to 
this particular programme, and also to report 
at our next meeting on the work which has 
been done in the interval. (Agreed.) 

Let us consider the other members of the 
sub-commission. Perhaps three might be a 
desirable number. Prof. Norinder (President) 
M. Watson-Watt, Dr. Schonland. (Agreed.) 


4. Mr. Watson-Watt, President of Sub-Com- 
mission 2, on Propagation, reads the proposals 
of his Sub-Commission. 

One resolution (!). 


The President. — 'This now is before you for 
further discussion. 


Prof. Wagner. — Would it not be wise to 
include further European countries ? 


The President. — Would you agree to include 
« the extension of such work already in progress 
in North America and Japan». I suggest 
« Europe and Japan ». 


Dr. Rayner also makes some suggestions. 


The President. — lt is suggested to me by 
Dr. Goldschmidt that we delete the word 
«south » In other words, we should like to 
see observations carried out in the whole of 
Africa. 

It is suggested that the paragraph should read 
as in the text except that there are two deletions: 
one is in the last line but one « in North America 


(1) See p. 116. 
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and Japan » suggested by Dr. Rayner; and the 
word «south» (first) in the last line, at the 
suggestion of Dr. Goldschmidt. 


Тће President — reads the amended resolu- 
tions and suggests substitute « now being con- 
ducted » for « now in progress ». 


Mr. Shaughnessy proposes to leave out « al- 
ready ». 


The President. — The resolution will now 
read « ..... is of the opinion that the extension of 
such work and its initiation in Africa and South 
America....... » 


Dr. Smith-Rose. — Is the wording quite 
suitable ? It is not worded as a recommenda- 


tion. I suggest in the second half « and récom- 
mends», the sentence would thus run as 
follows : « The Commission, having reviewed 


the distribution throughout the world of the 
stations at which fundamental investigations on 
atmospherics are now in progress, recommends 
the extension of such work and its initiation 
in Africa and South America as of special 
importance ». 


The President. — Recommendation is agreed. 

It does not seem necessary to have any 
standing committee to consider this particular 
point. (Agreed.) 


Commandant Bureau. — La premiére sous- 


commission qui vient d’étre désignée peut 
s'occuper de cette question. 


The President. — I think, Comm. Bureau, 
this might very well come under your sub- 
commission. It seems to me to have closer 
connection with your sub-commission on mea- 
surements of armospherics. Perhaps later on 
the sub-committee 3 will take care of this as 
well. 


5. Commandant Bureau, Président de la Sous- 
Commission 3, des Mesures, lit les deux réso- 
lutions (!). 


(5) Voir p. 117. 


Dr. Whipple. — 24-27 in the first resolution 
looks strange, I think we should have some 
justification for that rather wavering decision. 


Commandant Bureau. — L'indication 24- 
27 Ko/s tient compte à la fois des propositions 
anglaise (24 Kc/s) et française (27 kc/s). La 
Sous-Commission estime qu'il n'y а guére de 
différence dans les enregistrements obtenus 
sur les diverses ondes de cet intervalle et que 
de plus une certaine liberté doit étre laissée 
pour permettre de choisir une onde libre de 
brouillages. 


Mr. Watson-Watt. — Тћезе figures must not 
be regarded as sacred numbers. It will inevi- 
tably be necessary for individual workers to 
operate at different frequencies owing to the 
fact that they are radio telegraphy signals we 
shall be using for atmospherics. 


The President. — The Sub-Commission does 
not signal out these frequencies in order of 
preference, because it may be possible that 
some particular nation can only attempt recor- 
ding on one frequency. I do not know whether 
it is desirable that the frequencies should be 
the same in different countries, but suppose I 
had this put before me, I would not know quite 
what I could do unless I could do the lot. 


Commandant Bureau. — Cette question n'a 
pas été discutée par la Sous-Commission, mais 
Горіпіоп des différents membres était que 
l'heure n'est pas venue d'imposer un ordre de 
préférence. Suivant le but que l'on poursuit et 
suivant les facilités locales de lutte contre les 
brouillages, une onde pourra s'imposer plus 
que l'autre. Pour parler à mon point de vue 
personnel, je donne actuellement la préférence 
à l'onde de 27 kc/s, mais je comprends trés bien 
que diverses circonstances puissent amener 
d'autres chercheurs à ne pas donner la priorité 
à cette onde. Je signale cependant le grand 
nombre de documents déjà recueillis en Pologne, 
France, Afrique et dans les régions arctiques 
sur 27 kc/s ou sur une onde voisine. 
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The President. — Perhaps that point is not 
80 very important because the second resolution 
is that а permanent sub-commission be orga- 
nised to deal with the work. We might leave 
question of preferential frequencies to the 
sub-committee we are going to appoint. 


Prof. Wagner. — 1 should be more in favour 
to indicate the frequencies now at which the 
work should be done. We have not fixed that 
point in the sub-commission, but so far as I am 
aware many of these observations have been 
made on the long wave 24 or 27 Кеја. We have 
in the past collected а big material of that kind 
and we may find it important to continue 
records on this frequency, especially for the 
reason of getting material from far away. 


Commandant Bureau. — Je suis d'avis que 
les fréquences de 24 à 27 kc/s sont les plus 
indiquées si l'on donne un ordre de préférence. 


Dr. Lugeon. — Je préfére 27 kc/s que l'on a 
déjà utilisée en Suisse, en Pologne, en Norvège, 
au Sahara et dans les Iles des Ours. 

On pourrait ajouter à la résolution 1 : « Pre- 
ference should be given to the frequency of 
27 kc/s which has already been used exten- 
sively for such records ». 


. Mr. Watson-Watt. — I suggest we again go 
back to 27 kc/s. 


The President. — The full sentence : « The 
series of frequencies of approximately 12, 27, 
60.... kc per second be adopted for the recording 
of atmospherics. Preference should be given 
to recording at 27 kc per second ». 

Now you have the suggestion : n? ] as altered, 
n? 2 unaltered. (T'wo resolutions adopted.) 

To appoint permanent sub-commission to 
organise in accordance with resolution 2 the 
recording of atmospherics in such а way that 
the rate of generation of electric disturbances... » 
Comm. Bureau (President), Dr. Lugeon, M. Wat- 
son-Watt. (!) (.Agreed.) 


(5) See p. 117. 


I would like to keep that sub-commission 
quite small. 


That concludes the work of Sub-Commission 3. 


6. The President. — Sub-Commission 4 which, 
you will remember, was formed after our full 
session of Commission III under the presidency 
of Mr. Watson-Watt. 


Mr. Watson-Watt reads the three resolutions 
of sub-commission 4. They are adopted in their 
definitive form (') after some discussion. 


The President. — Now we have to form our 
Sub-Commission. 


Dr. Lugeon. — J’aimerais profiter de cette 
occasion pour adresser officiellement mes remer- 
ciements chaleureux au Comité National Britan- 
nique pour les remarquables efforts qu’il a faits 
en transmettant ses observations goniométriques 
des foyers de parasites atmosphériques. Ces 
travaux furent d'une grande utilité pratique 
et théorique et contribuérent à fixer nos idées 
sur l'origine terrestre des parasites. 


The President. — It means thanking Mr. Wat- 
son-Watt, the Secretary of our Commission. 

I propose for the Sub-Commission : Mr. Wat- 
son-Watt as President and Comm. Bureau. 


Mr. Watson-Watt. — My Commission was 
unwilling to tie the hands of this Commission 
by making formal nominations, but we did 
consider for this purpose it might be desirable 
to have a slightly larger committee than the 
others, and its members should include Comm. 
Bureau, Dr. Lugeon, Prof. Wagner, Prof. Norin- 
der, Dr. Schonland, and ап American delegate 
who might perhaps be suggested by Dr. Jensen. 


The President. — It seems to me there is a 
good deal to be said for this in view of the wide 
nature of the object you desire. We might 
appoint the members suggested by Mr. Watson- 


(!) See p. 117. 
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Watt and give him permission, as President of 
this Sub-Commission, to co-opt additional mem- 
bers from other countries when desirable. 
(Agreed.) 

La Sous-Commission sera composée de MM. 
Watson-Watt (Président), Comm. Bureau, Dr. 
Lugeon, Prof. Norinder, Dr. Schonland, Prof. 
Wagner, Prof. Friis. 


7. The President. — Having come to the end 
of our work we had planned, we left over the 
question of interchange of data. I believe 
Mr. Watson-Watt has a communication to 
make on this subject. 


Mr. Watson-Watt. — Y should like to refer 
to the subject which has already been mentioned 
by Dr. Lugeon. In the Copenhagen Assembly 
the British National Committee was asked to 
arrange for the supply of daily reports on the 
position of the predominant sources of the 
atmospheries, to be transmitted to Paris for 
inclusion in the Ursigrams radiated from Paris. 
The work was undertaken by the Department 
of Scientific and Industrial Research on the 
recommendation of the Radio Research Board, 
but the Radio Board limited its undertaking 
to the transmission of the data for one year of 
experiment in order that it might, at the end 
of that year, review the evidence as to the 
utilisation and the usefulness of such data to 
workers in other countries. The Board was 
particularly anxious, I think, to find out 
whether the transmission of the data by radio 
telegraphy was an important factor in its use- 
fulness. And I may recall to you the fact that 
in our report to Commission III, document 55, 
we have in Appendix (!) given the history of this 
particular transaction, ending with the state- 
ment that the data do not in fact reach the 
United States. The Appendix will be supple- 
mented by Dr. Lugeon's remarks and these 
are the only communications we have as to 
whether the past work was useful and as to 
whether there was any desire that the sub- 


(1) See p. 187. 


rc E LE a MM REND 


stantial organisational efforts for its continuance 
are desired by this Union. 


The President. — It seems to me there are 
two questions involved : first whether this kind 
of information should be contributed by а 
Radio Ursigram or interchanged by private 
arrangement between the workers in question. 


Dr. Lugeon. — Je considére l'échange des 
données radiogoniométriques sur les parasites 
d'une grande importance. Toutefois, je constate 
que l'émission réguliére de ces repérages par 
les Ursigrammes coûte beaucoup de travail à 
nos amis Anglais. Comme peu de radiophysiciens 
utilisent actuellement ces azimuts de foyers de 
parasites, je me demande si l’on ne pourrait pas 
se contenter d'un échange temporaire par écrit, 
ainsi que nous le faisons pour les courbes d'enre- 
gistrement de la fréquence par minute des 
parasites. 


Prof. Norinder. — Je suis d'avis que ces 
Ursigrammes ont une grande importance. On 
pourrait agir ainsi dans des cas particuliers 
lorsque l'on désire avoir trés rapidement des 
informations détaillées. On pourrait arriver 
à une convention pour alléger la besogne, soit 
en envoyant des cáblogrammes nocturnes et, 
par conséquence, recevoir trés rapidement les 
renseignements. 


Prof. Wagner. — I should like to assist the 
opinion expressed by Dr. Lugeon that it would 
be of great value for scientific people to have 
this information in a correlated form by letter 
from time to time. Most of my German 
colleagues are not in a position to provide for 
regular reception of Ursigrams, but they would 
appreciate very much to get this information 
every week or fortnight or oven once in a month 
for scientific studies, comparing purposes, etc. 


The President. — I know information has 
been sent by Mr. Watson-Watt to Dr. Schin- 
delhauer at Postdam. 
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There is one point. It seems to me prefe- 
rable to leave this matter open in this respect. 
If these things were prepared and sent round 
by post, it would perhaps mean for more work 
than if special cases were dealt with separetely. 
It seems it is far better for each National 
Committee to tell workers in his own country 
that this kind of information is available and 
then arrange for direct communication from 
that person with his special needs to the other 
person who can give him the information. I 
suggest that we might appoint Mr. Watson- Watt 
as our representative in matters concerning 
interchange of data and that he will be good 
enough to assist the workers under this Com- 
mission in this respect. 


Prof. Norinder. — Je suis complétement 
d'accord avec cette idée. 


The President. — It seems to me that Mr. 
Watson-Watt has full knowledge of all infor- 
mation available. Any worker who desires 
certain data might very well communicate 
with him, and I am sure he will do his best to 
put him in possession of the data he requires. 


Dr. Goldschmidt. — Le Secrétariat Général 
se mettra à la disposition de tout le monde. 


The President. — AM the Commissions will 
note that the Secretary General is at their dis- 
posal for distributing information. 


Dr. Lugeon. — Je propose qu'une copie 
de tous les documents échangés entre les mem- 
bres des sous-commissions soit adressée au 
Secrétariat Général afin d'étre gardée dans les 


archives de PU. R. 8. I. 


Dr. Goldschmith. — Le Secrétariat Général 
pourrait communiquer ces renseignements aux 
autres membres qui en exprimeraient le désir. 


The President. — There may be some very 
wide-spread desire for certain data, in which 
cases the person who has the data would not 
distribute it himself. Then the Central Office 
at Brussels is the correct medium for such 
distribution. 


Comm. Bureau. — Il convient de faire 
une séparation entre deux genres de renseigne- 
ments. Pour les uns il serait désirable de les 
voir passer par POffice Central, les autres 
seraient ceux pour lesquels les renseignements 
devraient étre envoyés rapidement à certains 
membres. 


Dr. Goldschmidt. — Je crois qu'il faudrait 
envoyer au Secrétariat Général des copies de 
toutes les informations échangées, car ce qui à 
un moment intéresse deux personnes, peut à 
d'autres moments en intéresser plusieurs. 


The President. — That is very important. 
All the sub-commissions, if they do any work, 
will send copies of all work carried out and 
decisions to the Secretariat General. 

That concludes the business. It now remains 
for me to thank the members of Commission III, 
to thank especialy our Chairmen and the 
members and all of you for having worked so 
well and put up interesting resolutions. І am 
particularly glad to find them not too ambitious. 
All tbe resolutions put forward look to be 
within our grasp, so we hope at the next meeting 
of the Commission (at the Assembly General) 
we shall be able to consider a rich harvest of 
data gathered by the methods we have decided 
on to-day. 

I thank you all, gentlemen, very much indeed. 


La séance est levée. 
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Sous-Commission 1. — Origine des Atmosphériques 
Sub-Commission 1. — Origin of Atmospherics 


Séance du samedi 15 septembre. — Meeting held on Saturday, September 15th. 


La séance est ouverte à 9.45 heures sous la 
présidence du Dr. NoRINDER, Président de la 
Sous-Commission, assisté de M. F. E. Lutkin 
comme rapporteur. 


2. Assistent à la séance: MM. Le Commandant 
Bureau, Prof. S. Chapman, Prof. C. L. Fortescue, 
Ing. S. Gejer, Lieutenant de Vaisseau Habert, 
R. A. Heising, J. F. Herd, Prof. Jouaust, 
Dr. la Cour, Prof. Mimno, Ing. Picault, Colonel 
Sacco, Dr. Schonland, Scrase, Dr. Simpson, 
R. A. Watson-Watt, Dr. Whipple. 


3. Le Président déclare que les principaux 
problémes à étudier sont ceux se rapportant 
aux difficultés associées à la détermination de 
lorigine des atmosphériques et à la mesure 
précise des décharges électriques sources de 
ces phenoménes. Il mentionne les travaux de 
Bureau et de Watson-Watt, d'aprés lesquels 
les sources ont été définitivement localisées 
dans les régions d'activité orageuse ou dans 
celles oà une telle activité est prévue. Lui-méme, 
est d'accord avec ces chercheurs pour trouver 
des relations étroites entre les décharges des 
éclairs observés et les atmosphériques. 


4. En ce qui concerne les mesures de déchar- 
ges électriques, il а l'impression que l'oscilio- 
graphe à rayon cathodique est le seul appareil 
qui puisse étre utilisé avec succés, et qui puisse 
fournir des enregistrements de trés rapides 
variations du champ enregistré. Parmi 7500 
observations, il à rencontré de nombreux cas 
pour lesquels on a observé des décharges 
répétées sur un simple temps de base de 
1/100 seconde, et à l'aide de bobine de champ, 
il mesuré le secteur magnétique du champ et 
trouvé, associés à ces décharges, des courants 
de l'ordre de 2 à 27 Ka/micro-sec. Il pense que 
la méthode à suivre pour étudier ce cóté de la 
question, consiste à observer un orage qui 


s'approche, à l'enregistrer d'abord sans ampli- 
fication, et, quand l'orage s'éloigne de la station, 
à effectuer des enregistrements avec une ampli- 
fication augmentant graduellement et à l'aide 
d'une communication téléphonique, tout en 
annotant les distances auxquelles se produisent 
les décharges. П pense qu'un gain d'environ 
60 db. suffit pour suivre les décharges aux 
grandes distances. Il & des possibilités d'instal- 
ler quatre équipements mobiles convenant pour 
des essais de ce genre. Un de ces équipements 
est déjà en service depuis huit mois. 


5. Dr. Simpson states that he thinks it was 
agreed that lightning flashes were producers of 
atmospherics but he would like to have opinions 
as to whether every atmospheric is produced 
by visible lightning flashes or are there condi- 
tions in the atmosphere in which atmospherics 
could be generated without visible lightning. 


6. Le Commandant Bureau discute des résul- 
tats goniométriques obtenus en France et 
signale qu'ils conduisent eux aussi à une con- 
clusion analogue, c'est à dire à une origine 
météorologique des atmosphériques. Méme pour 
les atmosphériques enregistrés sur ondes longues 
et qui viennent de trés grandes distances, on 
peut procéder à une comparaison avec les obser- 
vations météorologiques relatives aux régions 
où se.localisent les sources d'atmosphériques ; 
si des orages ne sont pas toujours signalés dans 
ces régions (ce qui peut d'ailleurs souvent 
provenir d'une lacune dans les réseaux d'obser- 
vation météorologique), la situation météo- 
rologique qui y régne est cependant toujours 
favorable au développement d'orages. 


La vérification de cette relation entre les 
zones orageuses et les sources d'atmosphériques 
est donnée d'une manière frappante dans un 
exemple dont le diagramme est mis en circu- 
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lation. Une perturbation météorologique par- 
court la France de la Bretagne à la Lorraine 
en passant au Nord du goniométre (à Paris). 
L'emplacement et l'heure des orages successifs 
qui l'accompagnent ont pu être déterminés 
d'une maniére trés précise à l'aide d'un réseau 
trés dense d'observateurs. La concordance entre 
ces observations et les données du goniométre 
se poursuit dans les détails montrant que les 
sources d'atmosphériques coincident avec les 
perturbations orageuses. Par contre,le nombre 
d'éclairs observés est nettement plus faible que 
celui des atmosphériques enregistrés sur le 
goniométre et correspondant à la source jumelée 
à Гогаре. Cependant le goniométre est un 
appareil à secteur étroit ouvert seulement sur 
1/20 de la circonférence et le nombre d'atmos- 
phériques qu'il capte n'est donc que le vingtième 
du nombre total. 


Le Commandant Bureau conclut que, dans 
certaines perturbations météorologiques, il se 
produit peut-étre beaucoup d'atmosphériques 
qui ne sont pas accompagnés d'éclairs visibles. 
Dans d'autres, au contraire, les atmosphériques 
coincideraient toujours avec des éclairs. Il y 
aura peut-être là un moyen de discriminer des 
perturbations météorologiques orageuses de 
caractéres différents. 


7. Le Colonel Sacco déclare que trés peu a 
été fait en Italie et qu'aucune vraie radiogonio- 
métrie n'a été entreprise, mais le peu que l'on 
a fait montre que la plupart des parasites 
atmosphériques recus à Rome viennent du 
S-E ou du N-O, au-dessus des étendues terres- 
tres. On en a enregistré trés peu venant des 
étendues maritimes. Les deux observatoires du 
Mont Casino et de Florence sont maintenant 
pourvus de radiogoniométres, et on espére 
pouvoir communiquer des résultats à la fin de 
l'année. 


8. Mr. Watson-Watt states that in the case 
of similar recording in England, as technique 
advanced, fewer cases were recorded when 
atmospherics appear to come from areas were 


thunderstorms were not probable, and he hopes 
to show to the Sub-Commission on Propagation 
of Atmospheries, charts showing the close fit 
between sources and storm areas, and also one 
or two cases in which atmospheric appears to 
come from areas of clear sky conditions with 
no rain. In particular one case in the Adriatic 
was of especial interest. 


Le Commandant Bureau montre un diagramme 
dans lequel des atmosphériques violents en 
direction du Sud-Est ne correspondaient appa- 
ramment à aucune perturbation orageuse des 
cartes météorologiques. Mais en utilisant des 
documents d'observations plus complets il a pu 
vérifier l'existance d'orages en Italie dont 
l'absence sur les cartes provenait d'une lacune 
dans la documentation qui avait servi à les 
établir. 


9. Dr. la Cour produces magnetic records 
taken when thunderstorms were occuring 
within some 10 km of the observatory 
showing characteristic oscillations. In the case 
of records at Copenhagen, a single impulse was 
indicated accompanying the flash, while in 
a record taken in Australia, a succession of 
impulses was suggested. 


10. Le Président déclare qu'il a constaté 
l'existence d'atmosphériques produits par des 
étendues nuageuses dans lesquelles le champ 
électrostatique n'était pas suffisamment déve- 
loppé pour produire la lueur de l'éclair. 


11. Dr. Simpson says it has hitherto been 
thought that as the thundercloud developed, 
there is a separation of charges until the break- 
down potential is reached. It now appears as if, 
while separation proceeds, there is а series of 
small local discharges each giving rise to an 
atmospheric, probably not large, and building 
up to the final flash. The physics of such a 
process is difficult ; even in a cloud, large fields 
would still be required for local discharges, and 
it is diffieult to see how these could be set up 
without also setting up a field so great as to 
give а large discharge. 


Union Radio Scientifique Internationale | 78 


12. Dr. Whipple suggests that more stations 
be set up with point-discharge apparatus as 
at Kew, to record changes in the electric field, 
the cost of the installation being quite small. 
Replying to a question of the Chairman, he 
says the time scale in use at Kew is 1 cm/min. 


13. Dr. Schonland feels the need of accurate 
observations correlating atmospherics with ob- 
served lightning. Listening with a 3-valve set 
and with observers registering flashes on a tape 
he has found many atmospherics where по 
flash had been observed. 

He suggests that observers might have 
missed seeing flashes to the upper air. Не only 
knows of two cases in litterature where such 
upward flashes have been seen. 


Dr. Simpson quotes Schuster as seeing flashes 
upward into clear air when above cloud system 
and the Chairman and Dr. La Cour both record 
having seen similar phenomena. 


Dr. Schonland continuing, suggests a different 
constitution of atmospherics generated by storms 
during the day and during the night. In 
South-Africa photographie methods are used to 
study flashes and he suggests that the infra- 
red photography may enable flashes within the 
cloud to be recorded. Co-operation of oscillo- 
graphic workers with this work is required. 


15. Dr. Whipple suggests that much may be 
learned from aural observations with an ordinary 
broadcast set. 


— 


Prof. Fortescue says that using a large aerial 
and high values of set-gain it is almost impossi- 
ble, with near storms, to hear silent periods 
between flashes, but, 


Mr. Watson-Watt points out that the brush 
discharges from high aerials when а charged 
cloud is near probably vitiate all such aural 
observations. Frame aerials clear of all large 
conductors are alone suitable. He then sum- 
marises the general conclusions from the work 
on the wave-form of atmospherics at Slough to 
be reported to the Full Session of Commission III, 
and says it is now possible to determine approxi- 
mately whether an atmospheric is of distant 
origin or not, by its wave form. 


16. Mr. Heising draws attention to Document 
A. G. 1934/N? 16/Comm. III (!) suggesting the 
existence of atmospherics of interstellar origin 
and pcints out the desirability of participation 
in this work by some equatorial station or one 
in Southern Hemisphere to determine more 
accurately the direction in space of the sources. 
Details of the apparatus used are to be found in 
Proceedings of the Institute of Radio Engineers, 
December 1932. . 


17. La séance est levée; au cours de la pro- : 
chaine réunion qui aura lieu le 17 à 9.45 heures, 
on discutera les résolutions à soumettre à la 
Séance Pléniére de la Commission III. 


Séance du lundi 17 septembre. — Meeting held on Monday, September 17th. 


La séance est ouverte à 9.45 heures, sous la 
présidence du Dr. NORINDER assisté de M. F. E. 
Lutkin comme rapporteur. 


Le Président déclare qu'il à requ diverses 

résolutions à soumettre à l'examen de la Sous- 
Commission. 
· Ces résolutions sont discutées et celles à 
présenter à l'approbation de la Commission III 
en Séance Pléniére, sont établies comme indiqué 
ci-après. 


]. The Sub-Commission recommends that 
optical and photographic recording of lightning 
flashes should be pursued and developed as 
much as possible, in such а way as to furnish 
a precise basis for the study of the role of 


lightning as а source of atmospherics. 


2. The observations envisaged in Resolution 
1 which would be principally directed to the 


(1) Sec p. 187. 
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study of the regions of thunderclouds involved 
in lightning discharges and of the time-relations 
of the elements of the discharge would, in the 
Sub-Commission's opinion, be greatly increased 
in value by simultaneous observations of changes 
in the électric field. | 


3. The Sub-Commission is of opinion that the 
magnetic observatories throughout the world 
can make important contributions to statistical 
researches on thunderstorms by suitable recor- 
ding of the magnetic effects of lightning. 


4. That it is desirable that apparatus for 
recording potential gradient and apparatus for 


recording point-discharge be installed at nu- 
merous places so that the changes in the electric 
field may be compared with the incidence of 
atmospherics. | 

A scale of 5 mm. to one minute is recom- 
mended for such records. 


5. The Sub-Commission is of opinion that 
further studies of the problem of electrical, 
disturbances of apparent extra terrestrial origin 
should be made, and that observations should 
be made over an extended range of frequencies, 
especially higher frequencies, and at а number 
of places in both hemispheres. 


Sous-Commission 2. — Propagation des Atmosphériques 


Sub-Commission 2. — Propagation of Atmospheries 


Séance du lundi 17 september. — Meeting held on Monday, September 17th. 


]. La séance est ouverte à 11.30 heures, sous 
la présidence de M. R. A. Watson-Watt, Prési- 
dent de la Sous-Commission, assisté de M. А. F. 
Wilkins comme rappoteur. 


2. Assistent à la séance : MM. le Commandant 
‘Bureau, Prof. Chapman, T. L. Eckersley, 
L. Espenchied, Lt. de Vaisseau Habert, Prof. 
Hackett, J. F. Herd, Dr. J. Lugeon, F. E. Lut- 
kins, Prof. C. Manneback, Prof. H. Norinder, 
Dr. Schonland, Serase, Dr. V. van der Pol, 
Prof. Dr. K. W. Wagner, Dr. F. T. W. Whipple. 


3. The President in opening the meeting, 
suggests that tropospheric origin should be 
assumed, and that the subject may be considered 
under the headings : 


]. The influence of incidents of travel on the 
received wave form. 


2. The Application of Dr. Lugeon’s method of 


recording atmospheries to investigation of 
their propagation. 

3. The frequency distribution of atmospherics 
at the receiving station. 


4. The President then proceeds to explain the 
shape of field changes obtained by recent 
records in England, revealing increased temporal 
separation between high-frequency and low- 
frequency components with distance. It is 
important to this Committee to consider how 
the component frequencies traverse the medium 
with group velocities which are functions of 
frequency. This is illustrated by records of the 
fields observed at different distances, with 
examples of increasing temporal separation 
between the high-frequency and low-frequency 
components of the radiation field. He asks is 
it necessary to consider the ionosphere for 
explanation of the separation or is substantial 
change of group-velocity with frequency to be 
expected from the lower atmosphere. The 
subject appears to be associated with that of 
« musical atmospherics ». 


5. Mr. T. L. Eckersley outlines the available 
knowledge of « whistlers » or « musical atmo- 
speries » As observed aurally, their indication 
is in the form of a note descending from about 


Union Radio Scientifique Internationale 75 


4000 c/sec. to about 200 c/sec. and lasting about 
one second. Occasional series follow each other 
at intervals of ] or 2 seconds and, in some cases, 
groups start with loud checks followed by 
successive whistlers, covering a total period of 
30 to 40 seconds, each whistler more long-drawn- 
out. Their directions agree with these of 
atmospherics of ordinary terrestrial origin. It 
seems probable that there is some change of 
form in transmission through the ionosphere, 
so that this problem appears to be related to 
the first (described by the President). Experi- 
mental data are mostly from aural observations; 
but synthetic oscillographic records have been 
made by Burton and Boardman of the Bell 
Laboratories. Тће phenomenon is generally 
а low-level one, approximating to that of noise 
level. 


6. Prof. Wagner reminds the meeting that 
the phenomenon of different group velocities 
with frequency is well-known in telephonic 
transmission through loaded cables over long 
distances, where low frequencies arrive first 
giving ascending tone. 


Au cours d'une discussion générale, le Prof. 
Manneback émet l'idée qu'il doit exister deux 
parcours, un pour les basses fréquences et l'autre 
pour les hautes. Peut-on retirer des observations 
expérimentales une preuve de l'existence de ces 
deux parcours ? 


Mr. Watson-Watt shows a curve on which 
logarithm of distance is plotted against time, 
the resultant graph being approximately a 
straight line. 


Mr. Eckersley points out the similarity to 
the propagation of earthquake phenomena 
which Mr. Watson-Watt stated, has already 
been observed. 


7. Dr. van der Pol reminds the meeting that 
the matter referred to Committee of Commission 
II (Interaction of Radio Waves) might also be 
of importance. The conclusion meantime is 
that of а non-linear effect in the ionosphere, 
and suggests that atmospherics of large ampli- 


tude might impose а modulating effect on 
carrier waves. Their propagation via the iono- 
sphere might then be influenced by tbe existence 
of а carrier frequency and they might give 
different results according to whether a carrier 
is present or not. 


8. Le Dr. Lugeon ouvre ја discussion au 
sujet du second point à examiner, et il montre 
des courbes d'activité d'atmosphériques à ondes 
longues établies en fonction du temps; ces 
courbes accusent une brusque chute de l'activité 
au lever du soleil, la chute est particulièrement 
remarquable pour les ondes très longues. 


Le Dr. Lugeon déclare que cela provient des 
changements d'ionisation se produisant au 
lever du soleil dans l’ionosphère. C’est un effet 
remarquable auquel il faudrait donner un nom. 
П montre également un abaque permettant de 
déterminer en tous les endroits du monde le 
moment du lever et du coucher du soleil] au sol 
et dans la couche Kennelly-Heaviside (100 km. 
de hauteur). Cet abaque lui permet de calculer 
l'angle d’incidence sur l'horizon de la généra- 
trice du cóne de réfraction des atmosphériques 
dont le sommet est le récepteur et la base, la 
couche Kennelly-Heaviside. L'angle d'incidence 
des atmosphériques varie de 2 à 139 (il dépend 
de la fréquence d'enregistrement). Un autre 
résultat est le moment de la chute de l'activité 
vers le lever du soleil, cette chute se produisant 
plus tard aux basses fréquences ('). 


9. Mr. Espenschied introduces the third sub- 
ject, listed above, stating that the results of 
measurements of atmospherics by the American 
Telephone and Telegraph Compagny were pre- 
sented as a part of the material submitted to the 
Madrid Conference on Telecommunications of 
1932 by the United States. These were in the 
form of day and night curves of the distribution 
of atmospherics with frequency. This material 
was published in а paper by Mr. Potter, as 
indicated in the first footnote of M. K. A. Nor- 
ton's paper. Mr. Norton's paper, in effect, takes 


(1) C. R. Paris, t. 199, р. 1059, 1934. 
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this material and attempts to account for it 
on а theoretical basis. Не arrives at curves 
for the frequency range up to 5000 cycles, 
indicating the distance from the receiving 
station within which most of the atmospherics 
originate. À very brief discussion follows. 


10. The President in summing up the discus- 
sions, asks if the most useful work of the Com- 
mittee would not be the suggestion of small 


— 


sub-committees on each of the three subjects. 


Prof. Wagner thinks it would be unsatis- 
factory not to arrive at some form of conclusion 
and suggests resolutions on some of the general 
problems. | 


11. La Sous-Commission convient de se réunir 
le méme jour à 16.15 heures pour établir les 
résolutions à soumettre à l'approbation de la 
Commission III. 


Séance du lundi 17 septembre. — Meeting held on Monday, September 17th. 


]. La séance est ouverte à 16.15 heures, sous 
la présidence de M. R. A. WATSON-WATT, assisté 
de M. А. F. Wilkins comme rapporteur. 


2. The President announces that he has 
discussed the question of whistlers with Mr. T. L. 
Eckersiey and that they are of opinion that the 
time is not yet ripe for the submission of any 
formal resolution on the subject. 


3. Dr. Schonland submits a tentative reso- 
lution to enable him to approach the South 
African Government for support in the atmo- 
spheries work in that country. f 


Le Dr. Lugeon pense que la résolution pour- 
rait être rédigée comme suit « Hémisphére 
Sud et particuliérement en Afrique du Sud ». 


Mr. Espenschied thinks that an inadequate 
amount of work on the directional characte- 
ristics of atmospherics has been done in the 
United States and that more is desirable. 


The President suggests that Dr. Schonland's 
original resolution should read. 

« The Committee having reviewed the distri- 
bution throughout the world of the stations at 
which fundamental investigations on atmo- 
spheries are now in progress, is of the opinion 
that the extension of the work in North America 


and its initiation in South Africa and South 
America are of especial importance ». 


The President says that, in his own work, he 
has often felt the need for such results as would 
be obtainable if this recommendation was put 
into practice. 

The resolution is put to the meeting and 
carried. 


4. Mr. Éspenschied suggests that since the 
Pacific represents a large area in which relatively 
little atmospheric work has been done, -and 
since Japan is geographically in а position to 
observe conditions in the Western Pacific, it 
might be desirable to include in the resolution 
a mention of Japan. 


The President suggests bracketing North 
America and Japan in the foregoing resolution. 

This is agreed, and the resolution for sub- 
mission to the Full Session of the Commission 
was therefore worded as follows : 

«The Commission, having reviewed the dis- 
tribution throughout the world of the stations 
at which fundamental investigations on atmo- 
spherics are now in progress, is of the opinion 
that the extension of such work already in 
progress in North America and Japan and its 
initiation in South Africa and South America 
are of especial importance ». 
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Sous-Commission 3. — Mesure des Atmosphériques 


Sub-Commission 3. — Atmospheric Measurements 


Séance du lundi 17 septembre. — Meeting held on Monday, September 17th. 


La séance est ouverte a ] 4.30 heures, sous la 
présidence du Commandant BUREAU, Président 
de la Sous-Commission, assisté de M. Page 
comme rapporteur. 


Assistent à la séance : MM. Espenchied, 
le Lieutenant de Vaisseau Habert, Dr.J.Lugeon, 
Lutkin, Hackett, Cdt. Matteini, Dr. Norinder, 
Dr. Schonland, Dr. Wagner, Watson-Watt, 
Whipple, White et Prof. Yagi. 


Le Président ouvre la séance en donnant un 
résumé des méthodes non-directionnelles et 
directionnelles, employées actuellement pour 
la mesure du niveau moyen des troubles atmos- 
phériques; la première catégorie peut être 
divisée en méthodes électriques (qui consistent 
dans Ја mesure de la charge accumulée dans un 
condensateur) et en méthodes mécaniques 
fournissant un décompte du nombre de fois 
que les atmosphériques se produisent. Dans 
les deux cas, il est essentiel de fournir une 
spécification convenable des appareils afin de 
pouvoir interpréter et comparer les résultats; 
ce qui peut facilement étre fait à l'aide d'une 
source locale permettant l'étalonnage. Des obser- 
vations faites en différentes stations, pour la 
localisation de différentes sources, montrent 
qu'il existe une similitude étroite entre les 
enregistrements obtenus. 


Le question de l'enregistrement non-direc- 
tionnel est mis en discussion. 


Mr. Whipple asks how many such stations 
would be necessary to give a statistical figure 
for the distribution of atmospherics over the 
world. 


Le Président déclare que cela dépend princi- 
palement de la longueur d'onde employée, mais 
si, comme cela est le cas pour les observations 


faites en France, on choisit une longueur d'onde 
de 10.000 m., il convient de prendre une distance 
de 2.000 km. entre les stations. 


Le Dr. Lugeon est d'aecord sur l'utilité 
générale des méthodes que vient de résumer le 
Commandant Bureau et i] ajoute que la compa- 
raison des courbes d'enregistrements permet 
de tirer des renseignements sur la portée des 
parasites ce qui est important, tant au point de 
vue commercial que scientifique. Ainsi, M. Lu- 
geon & trouvé pour deux enregistreurs iden- 
tiques à Zurich et au Sahara, comme en Pologne 
et à Bear-Island (Cercle Polaire), de grandes 
différences dans l'aspect des courbes, ce qui 
démontrait que les appareils étaient sollicités 
par des foyers différents dont la portée, par 
conséquent, était souvent moindre qu'au moins 
la moitié de la distance de 2500 kilométres qui 
sépare les récepteurs (!). M. Lugeon suggère 
une «année internationale d'enregistrements 
de parasites atmosphériques » où l'on placerait 
dans chaque continent un ou plusieurs appareils 
enregistreurs d’un type identique, de manière à 
obtenir des renseignements mondiaux sur la 
portée, au moins pour la fréquence de 27 kc/sec. 
Il faut noter que la portée varie considérablement 
entre le jour et la nuit. Il est donc nécessaire 


de comparer les courbes dans des conditions 


semblables de lumiére ou d'obscurité. 


Prof. Wagner points out that as different 
results are obtained according to the arbitrary 
setting of the receivers that it seems difficult 
to compare results obtained at two different 
stations. 


Le Dr. Lugeon décrit un type de goniographe 
à amplificateur unique dispensant du réglage 


(1) C. R. Paris, t. 191, p. 525, 1929; t. 198, p. 1712, 
1934 et rcehives- Geneve, vol. 12, 1930. 


178 


toujours difficile de deux amplificateurs iden- 
tiques. Il consiste en deux grands cadres de 
60 m. de hauteur, branchés alternativement à 
lamplificateur par un système de soupape 
travaillant en haute fréquence, hachurant les 
parasites sans leur faire perdre leurs propriétés. 
Une méme soupape de sortie, synchronisée 
avec celle d'entrée, conduit le courant induit 
dans les deux aériens, à deux cadres d'un 
logométre solidaires d'un méme axe portant 
une aiguille, laquelle donne directement l'azi- 
mut d'un foyer de parasites, à la maniére d'un 
compas (!) Cet appareil trés compliqué пе 
saurait étre recommandé, à cause de son prix 
élevé et de sa stabilité délicate. Il а fonctionné 
pendant une année à Jablonna prés de Varsovie. 


Le Président pense qu'à cause du fait que 
cette forme d'enregistrement peut donner lieu 
à de nombreuses applications, il conviendrait 
d'établir une spécification plus précise des 
appareils. 


Mr. Watson-Watt deals with the difficulty of 
this view of the fact that the more refined forms 
of apparatus, for instance the Cathode-Ray 
Tube, shows that а single atmospheric, accor- 
ding to older definitions, actually consists of 
many peaks of energy ; in this case it becomes 
difficult to define what is meant by a siugle 
atmospheric as recorded by different instruments. 


Le Président pense qu'un chiffre arbitraire 
suffit et que tout modéle d'appareil enregistre 
une grandeur proportionnelle à l'energie recue. 


Mr. Whipple asks whether a calibration in 
terms of received atmospheric energy is not in 
this case desirable. 


A 


Le Président insiste à nouveau sur la valeur 
des résultats purement comparatifs, mais il 
ajoute que l'étalonnage du système enregistreur 


(1) Voir : Iurtzman et Starnecki, Le radiogoniographe 
Lugeon enregistreur de la direction movenne des рага- 
sites atmosphériques : Przeglad Radiotechniczny, Rok 
XIV, z. 24, 15- XIT-1934, Warszawa. 
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en fonction de l'énergie reçue est une possibilité 
qu'il estime désirable. 


Mr. Watson-Watt asks whether conclusion to 
be drawn from the close similarity of the curves 
obtained by Commandant Bureau, is that the 
form of the atmospherics recorded are alike, 
and thus the recorded results are always pro- 
portional to the received energy. 


Le Président signale que pour obtenir des 
couches semblables en des points éloignés il est 
nécessaire de régler les récepteurs sur la méme 
bande d'ondes. Il montre un certain nombre de 
courbes et signale l'intérét de l'enregistrement 
multiple de plusieurs ondes en une station. 
Il signale aussi que la similitude de courbes 
obtenues à plusieurs milliers de kilométres de 
distance est une indication favorable pour la 
valeur du systéme d'enregistrement et pour la 
comparabilité des résultats qu'ils fournissent. 


Mr. Watson-Watt asks if it is desirable to 
separate the discussion on the two types of 
recording. 


Le Président suggére en réponse qu'il n'est 
pas désirable de marquer une préférence pour 
l'un ou l'autre type d'appareil ; il est cependant 
important de spécifier, en connection avec tout 
appareil utilisé, les conditions d'emploi. 


Le Président ouvre la discussion sur l'enregis- 
trement directif. Il souligne brièvement l'exten- 
sion prise, en particulier en France, par l'enre- 
gistreur à secteur étroit, aux dépens de l'ancien 
systéme à cadre tournant unique. Il à modifié 
l'enregistreur à secteur étroit surtout dans les 
circuits où s'opposent les courants et dans le 
dispositif d'enregistrement; il a utilisé une 


Татре à néon qui donne une impression photo- 


graphique sur un papier exploré en spirale 
suivant le mode employé dans les disques de 
phonographe. L'appareil inserit automatique- 
ment des cercles horaires; inscrit également 
sur les diagrammes les directions repéres ainsi 
que la durée de Ја nuit. 
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Le Dr. Lugeon décrit un type d'enregistreur 
qu'il a perfectionné; il consiste en deux larges 
cadres dont les sorties sont branchées automa- 
tiquement à l'entrée d'un amplificateur à con- 
nexions synchronisées. Cet appareil а été aban- 
donné à cause de son prix élevé. 


Mr. Watson-Watt states that the narrow 
sector recorder at Slough has recently been 
modified in order to provide а thunderstorm 
index figure for the ionosphere correlation 
work; for this purpose, a cardioid receptive 
diagram is used in order to give better time 
sampling; he is however prepared to revert to 
narrow sector recording if the Sub-Commission 
feels desirable for the comparison of results. 


Le Président croit qu'il serait désirable que 
l'on revienne à cette méthode en Angleterre, 
si cela est possible. 


Le Dr. Lugeon considérant les comparaisons 
internationales, estime qu'il est essentiel de 
fixer des longueurs d'ondes; des chercheurs 
français ont choisi 30 kc/sec. car en-dessous de 
cette fréquence les conditions de la propagation 
conviennent moins bien, et au-dessus de cette 
fréquence, l'interférence des postes est génante. 


Le Président, en réponse à M. Watson-Watt, 
déclare qu'il а pu lutter efficacement contre les 
brouillages sur des ondes d'environ 30 Кс/вес., 
avec une bande passante d'environ 4 kc/sec. 


Mr. Watson-Watt reviewing the series of 
frequencies suggested by the American National 
Committee, says that 12 kc/sec. is useful for 
the high atmospheric-signal ratio and in view 
of the fact that much data on the more academic 
side of atmospherics investigations is available, 
60 kc/sec. is desirable inasmuch as the propa- 
gation law is convenient, and in being at the 
mid-band of the Transoceanic commercial chan- 
nels; 300-1500 kc/sec. covers the broadcast 
band, 1500-7500 ke/sec., marine work, whilst 
7500-20.000 kc/sec. includes most long distance 
telegraphy and telephony communications. He 
suggests in addition, the inclusion of a frequency 


of 24 kc/sec., as he has been led to adopt this 
from the standpoint of minimum signal inter- 
ference; he stress the fact that, in view of 
interference of this form, it is impossible rigidly 
to adhere to given frequencies. He adds that 
whilst the utility of the suggested observational 
frequencies of 4.000 and 15.000 Кс/вес. is 
evident, he does not consider it advisable to 
include them in the series at this stage of 
investigation. 


Le Président mentionne qu’il a abandonné 
la fréquence de 50 kc/sec. pour celle de 30 kc/sec. 
pour avoir de meilleures conditions de propaga- 
tion et il suggére l'addition de cette fréquence 
а la liste. Il regrette aussi l'exclusion de 90 keys. 
qui a fourni des renseignements précieux sur les 
orages pas trop éloignés. | 


Aprés discussion, la proposition suivante est 
adoptée : 

« Que la série de fréquences 12, 24 à 27, 60, 
90, 300, 1.500, 7.500 et 20.000 kc/sec. soit 
adoptée pour l'enregistrement des atmosphé- 
ques ». 


Le Dr. Lugeon fait remarquer qu'une bande 
intéressante, celle des atmosphériques à basse 
fréquence, du genre de celles reçues par un 
systéme récepteur apériodique, mériterait d'étre 
comprise dans cette liste. 

Une étude du Dr. Lugeon relative à ce sujet 
est lue et traduite en anglais avec la collabo- 
ration de M. Watson-Watt. 


Mr. Whipple asks whether it is possible to 
develop means for giving information on the 
amount of electrical disturbance in different 
parts of the world at all times, in order to give 
correlation data day by day; this may be 
accomplished by means of a number of recording 
stations reporting to central headquarters. He 
submits the following resolution for considera- 
tion by the Sub-Commission : 


« The Sub-Commission recommends that a 
permanent Sub-Commission be appointed to 
organize the recording of atmospherics in such 
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a way that the rate of generation of electrical 
disturbance in all regions of the globe at all 
times may be determined ». 


This recommendation is endorsed by Dr 
Schonland. 


Le Président déclare que les résultats actuels 
donnent une idée approximative des régions de 
perturbation maximum, et il fait remarquer Ја 
difficulté de fournir dans un avenir immédiat, 
les informations demandées dans la proposition. 


Mr. Watson-Watt suggests that the Cathode- 
Ray Direction-Finding results would give infor- 
mation regarding the received field-strenght 
of atmospherics, and also their point of origin; 
this is not generally the case with other methods, 
as the source cannot be inferred from the 
knowledge of the received field ; а delay in the 


analysis of Cathode-Ray Direction-Finding re- 
gults is, of course, inevitable. In view however 
of the wide range of the proposition, he suggests 
that whilst supporting the proposition in its 
ideals he would prefer to indicate that the 
object is not one which can be attained in the 
near future. He therefore moves the adoption 
of the proposition in the following amended 
form : 


«'The Sub-Commission recommends that a 
permanent Sub-Commission be appointed to 
organize the recording of atmospherics in such 
a way that the rate of generation of electrical 
disturbance in all regions of the globe at all 
times may ultimately be determined ». 


La proposition ainsi amendée est adoptée. 


La séance est levée à 16.45 heures. 


Sous-Commission 4. — Enregistrement de la direction des Atmosphériques 


Sub-Commission 4. — Directional Recording of Atmospheries - 


Séance du mardi 18 septembre. — Meeting held on Tuesday, September 18th. 


1. La séance est ouverte à 15 heures, sous la 
présidence de M. R. A. WATSON-WATT, assisté 
de M. F. E. Lutkin comme rapporteur. 


2. Assistent à la séance : MM. le Commandant 
R. Bureau, Dr. J. Lugeon, Prof. Dr. H. Norinder, 
Prof. Dr. W. Wagner. | 


3. La Sous-Commission a été instituée à la 
Séance Pléniére de la Commission III du 
18 septembre, pour discuter et établir un 
rapport sur l'enregistrement de la direction 
des atmosphériques. 


4. The President opens the meeting with a 
brief résumé of the stations now equipped with 
cathode-ray direction-finders in Britain, Aus- 
tralia, Canada and U. S. A., and states that 
two more would probably be added shortly 
at Florida and Puerto-Rico respectively. Не 


feels it is important to add Swedish and Moroc- 
can stations. 


Prof. Wagner thinks that the can also equip 
а cathode-ray direction-finding station if speci- 
fications could be supplied to assist in the 
construction of the apparatus. 


5. Il s'en suit une discussion au sujet des 
différents types d'appareils pour l'enregistre- 
ment de la direction des atmosphériques à 
l'arrivée et sur leurs qualités pour leurs diffé- 
rentes applications au point de vue météorolo- 
gique, géophysique, etc. Ап point de vue 
météorologique, le type d'enregistreur à cadre 
à secteur étroit est considéré comme celui qui 
convient le mieux, alors que le goniométre à 
rayon cathodique donne des indications plus 
détaillées, requises par ceux qui s’occupent du 
cóté physique de la question. | 
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6. Aprés discussion on adopte les résolutions 
à soumettre à l'approbation de la Commission ПІ 


RÉSOLUTIONS. 


1. The Sub-Commission having considered 
the results already obtained in daily recording 
by the narrow-sector method, considers that 
the organization of an extended network, of 
open mesh, of narrow-sector radiogoniometers 
is at the present moment one of the most rapid 
means for improving our knowledge of the 
principal sources of atmospherics and to allow 
a more profound study of the relations between 
these sources and meteorological phenomena. 


The Sub-Commission recommends that : 


]) Recording should be continued in the stations 
where it is now being carried out and should 


be resumed in those in which it has been 
suspended. 

2) Whenever circumstances permit new recor- 
ding wave being about 27 kc/sec. 

3) The exchange of results should be organised 
either by postal or by radiotelegraphic means. 


2. The Sub-Commission is of opinion that 
the observations now being made by the aid 
of cathode-ray direction-finders are of importan- 
ce to studies on the nature and origin of atmo- 
sperics, and that observations of this character 
should be carried out by an extended network of 
open mesh. In particular it is of opinion that 
installations in Germany and Sweden, and in 
Africa and North-America would be of especial 
value. It is further of opinion that some strict- 
ly simultaneous observations should, whenever 
possible, be arranged. 


COMMISSION IV. — LIAISONS AVEC LES OPÉRATEURS, LES PRATICIENS, 
LES AMATEURS ET LES SCIENCES CONNEXES 


COMMISSION IV — COOPERATION WITH OPERATORS, PRACTITIONERS, 
AMATEURS, AND CONNECTED SCIENCES 


INTRODUCTION 


L'absence du Prof. KENNELLY, Président de la 
Commission IV, па pas permis à cette Com- 
mission de siéger normalement pour examiner 
les divers sujets proposés à son activité (!). 


The absence of Prof. KENNELLY, President of 
Commission IV, did not allow this Commission 
to work normally nor to discuss the various 
subjects submitted to its activity (!). 


Séance plénière du mercredi 19 septembre. 
Full Meeting held on Wednesday, September 19th. 


La séance est ouverte sous la présidence du 
Dr. B. VAN DER Рог, assisté de M. J. F. Herd 
comme rapporteur. 


The Chairman. — 1 have been asked to open 
this short session of Commission IV. Аз you 
know, Commission IV did not have any formal 
meetings, but a resolution has been prepared to 
be finally submitted to the full session. 


(!) Voir p. 14. 


The Chairman reads the resolution (?). 


Prof. Appleton. — I should very much like 
to second that proposal, because it has seemed 
to me very desirable to have documentary 
records of Ursigrams. It is true that the 
information is broadeast from America, but it is 
my experience as а worker in this field that it is 
only necessary to have weekly or fortnightly 


(1) Sec p. 14. (2) Sec p. 118. 
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accounts of these geophysical cosmie data. For 
example, as long as such records are sent to me, 
I do not find it necessary to listen each day for 
the signals from America. Perhaps I might not 
be able to receive them if I tried. "Therefore T 
am very glad indeed that there has been put 
forward this proposal to collect all data of 
similar character and issue it in a single docu- 
ment. 


The Chairman. — Has anybody else any 
remark to make ? 


Mr. Eckersley. — There is one point about the 
radio transmissions : anybody can get them, 
will everybody have the documents ? 


Prof. Appleton. — The documents should be 
circulated in addition the to wireless transmis- 
sions. 


The Chairman — It is meant that the Ursi- 
grams shall be transmitted by radio in the usual 
way, but it is in addition that these Ursigrams 
should be sent to Dr. Goldschmidt who will 
transmit them on paper to the various National 
Committees. 


Mr. Jensen. — Dr. Dellinger has proposed 
certain changes in the code for the Ursigrams. 
He has already left, but he has talked to Prof. 
Mesny about it, I think. 


Prof. Appleton. — Dr. Dellinger handed me 
this document and asked me to look through it. 
It seemed to me very sound and most desirable 
that the suggested changes should be made. 
I do not know whether the meeting would like 
to adopt a document it has not seen. Two 
members at least have seen it and think they 
are changes which should be adopted. 


Prof. Wagner. — Until now those Ursigrams 
should be sent by letter directly from America 
and I would like to know whether this shall be 
stopped if we move the proposed resolution. 


The Chairman. — I was not in touch with the 
details of this question, so I cannot answer 
your question. Perhaps Prof. Appleton could 
give further information. Prof. Wagner asks 
whether, when this will be adopted, the direct 
mailing by the Science Service of the Ursi- 
grams will be discontinued. 


Prof. Appleton. — No. 
different matters. 


They are two entirely 


The Chairman. — 1 suggest we leave the 
details of the small changes of the code to 
Dr. Dellinger and Prof. Appleton. We all 
think the code will be improved if these two 
gentlemen tackle the problem. (Agreed.) 


Any further suggestions ? 
think we close this session. 


If not, then I 


COMMISSION V. — RADIOPHYSIQUE 
COMMISSION V. — RADIOPHYSICS 


INTRODUCTION 


Les documents ci-aprés intéressants les tra- 


The following papers interesting the works of 


vaux de la Commission V, furent distribués en Commission V, were circulated in view of the 


vue de l'Assemblée Générale (!). 


Мо 
by S. Chapmaan. 


General Assembly (') : 


6. — The Nature of the Solar Radiation and Composition of High Atmosphere, 


Хо 12. — The Symbolic Calculus with some Applications to Radiotelegraphy, by 


B. van der Pol. 


(1) Voir résumés p. 120. 


(!) See abstracts p. 120. 
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Мо 21. — Sur l’Etude en Laboratoire des Propriétés Diélectriques des Gaz Ionisés, 


par C. Gutton. 


Мо 22. — Die Erzeugung von Wellen unterhalb 1 m. Linge, von K. W. Wagner und 


H. E. Hollmann. 


Мо 27. — Report of Radio Research in Japan, by the National Japanese Committee. 
N° 88. — Laboratory Investigations of the Dielectric Constant of Ionised Air, by 


Prof. E. V. Appleton. 


N? 40. — Transmission and Reception of Nine-Centimetre Waves, by G. R. Kilgore. 
Мо 41. — An Electron Oscillator with Plane Electrodes, by B. J. Thomson and 


P. D. Zottu. 


N° 44. — Exposé des Recherches récentes sur les Oscillations non linéaires, par 
L. Mandelstam, N. Papalexi, A. Andronow, S. Chaikin et A. Witt. 

Мо 47. — The Non-Linear Theory of Electric Oscillations, by B. van der Pol. 

Хо 63. — Application de la Mécanique non linéaire à quelques problémes de la radio- 
technique moderne, par le Prof. Dr. N. Kryloff et le Dr. N. Bogoliüboff. 

N° 64. — A Critical Résumé upon High-Frequency Bridge Networks, by T. Iorwerth 


Jones 


Séance d'ouverture du mercredi 12 septembre. 


Opening Meeting held on Wednesday, September 12th. 


La séance est ouverte sous la présidence du 
Dr. B. VAN DER Por, Président de la Commis- 
sion V. 


The President. —- I may remind that in 
Copenhagen, we elected а Vice-President and 
Reporter for Commission V and the Vice-Presi- 
dent was Prof. Mesny and Reporter M. Le 
Corbeiller. In Copenhagen, it was also decided 
that some papers should be written as a basis 
for a discussion in Commission V. Slight chan- 
ges have occured in the orders of these papers, 
and I want now to communicate to you these 
changes. 

First it was decided that a joint paper by 
Prof. Gutton and Prof. Appleton would be 
written on the dielectric constant of an ionized 
gas under high frequency oscillations. It was 
found more praticable if Prof. Appleton and 
Prof. Gutton wrote their contribution separa- 
tely, so we have two contributions on the same 
subject, one written by Prof. Appleton, and the 
other written by Prof. Gutton. 

Further, it was decided in Copenhagen that a 
joint paper on the constitution of the higher 
atmosphere and solar radiation was going to be 
written by Prof. Chapman and Father Lejay. 
The latter is now in China so that in the present 


circumstances it was difficult to prepare this 
report, so we have available only a very inte- 
resting report by Prof. Chapman. Further, 
it was agreed upon in Copenhagen that a joint 
paper should be written on the symbolic calculus 
by Dr. Wagner and myself. We have corres- 
ponded on how we should divide the subject, 
and it was rather difficult to divide it in two 
parts, so Dr. Wagner suggested that I should 
write the note, which I have done. 


In Copenhagen we also found Dr. Wagner 
prepared to write а report on the generation 
of ultra-short waves. Dr. Wagner has found his 
collaborator, Dr. Hollmann, ready to co-operate 
with him, and so the paper which is going to be 
presented is from them both. "These papers 
will be distributed to the members of the diffe- 
rent sub-commissions, which we will now form. 


Finally, I have asked some Russian scientists 
to prepare а report on the subject which has 
been much developed lately іп U. R. S. S. It is 
the theory of the generation of non-linear 
oscillations. I thought it would be of interest 
to discuss these questions here in Commission V, 
because these theories form a fearly fundamen- 
tal subject of the whole of radio telegraphy, and 
I thought that it would be wise to ask these 
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Russian physicists to contribute a summary of 
work because so much work has lately been 
done over there. I understand, for instance, 
that a group of ten physicists, à similar group 
of mathematicians and a similar group of tech- 
nicians are working in different laboratories in 
one organisation on the theory of non-linear 
oscillations. Some of the work has already 
been published in Russian papers but no con- 
nected account is available of this very interes- 
ting work. А report has been written by 
Prof. Mandelstamm and Prof. Papalexi in 
co-operation with Andronow, Chaikin and Witt, 
and another report I have received from Prof. 
Kryloff and Bogoliüboff have been reproduced. 
They are ready for distribution to the members 
of the sub-commission which will deal with the 
subject. 

We have next to divide the work into sub- 
commissions. 


Sub-Commission 1. — Physics of the Upper 
Atmosphere. _ 


President : Prof. Mesny. Members : Prof. 
E. V. Appleton, Prof. Chapman, Dr. Eccles, 
M. Eckersley, Prof. Elias, M. Heising, Prof. 
C. Manneback, Lt.-Col. Marino, Dr. B. van der 
Pol, Dr. W. Wagner, Prof. Yagi. 


Papers under this Sub-Commission : N? 6, 21 
and 38. 


Sub-Commission 2. — Generation of Ultra- 
Short Waves. 


President : Dr. У. Wagner. Members : MM. 
Barton, Heising, Dr. Mac Petrie, Comm. Mat- 
teini, Prof. Мезџу, Dr. Smith-Rose, Prof. Yagi. 


Papers under this sub-commission : Мо 22, 40 
and 41. | 
Sub-Commission 3. — Theory of Oscillations. 


This sub-commission covers the subjects of 
1. — the Symbolic Calculus, and 


2. — the Reports from the U.R.S.8.('), one from 


(1) Document по 44, p. 151 and по 63, р. 193. 


myself (!) and also а contribution from Prof. 
Appleton who is kind to offer us & short 
account of some recent experiments under his 
direction. 


President : Dr. B. van der Pol. Members : 
Prof. Appleton, Dr. Dellinger, M. Eckersley, 
Prof. Elias, M. Espenchied, M. Koga, M. Kirke, 
M. Le Corbeiller, Prof. Manneback, Prof. Mesny, 
Dr. Mary Taylor, Prof. Turner, Prof. Yagi, 
Dr. Wagner. 

Papers under this sub-commission : Мо 12, 44, 
47, 63 and contribution by Prof. Appleton. 


It was decided in the course of this morning 
that a sub-commission under the chairmanship 
of M. Eckersley which was formed by Com- 
mission II should be considered also to be a 
sub-commission of Commission V. This sub- 
commission is going to deal with the Theory of 
the Propagation of Waves through the Higher 
Atmosphere, and I would like to ask M. Eckers- 
ley to give us the names of the members of that 
sub-commission. 


Constitution of joint sub-commission : 


President : Mr. Eckersley. Members: Prof. 
Dr. Jhr. Elias, Prof. C. Mannebach, Namba, 
Dr. van der Pol, Prof. Dr. Wagner. 


I hear that Mr. Watson-Watt is going to 
provide our three sub-commissions with a 
reporter, so that I think within a short time we 
can start our work. 

I suggest that the proper thing to do would 
be to start work straight away, because the 
programme is rather big, so that perhaps I may 
suggest а day for a meeting of the sub-com- 
missions. 


On décide que la sous-commission 1 de la 
Commission V se réunira cette aprés-midi de 
15.30 heures à 17.30 heures ; là sous-commission 
2 à 14.30 heures vendredi 14 septembre, et la 
sous-commission 3 samedi 15 septembre à 
9.45 heures. 


EN пе 


(1) Document n? 17, p. 165. 
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Séance de clóture du mercredi 19 septembre. 


Final Meeting held on Wednesday, September 19th. 


La séance est ouverte sous la présidence du 
Dr. B. vAN DER Por. 


The President. — We are now having the 
closing session of Commission V. In our last 
full session of Commission V, some resolutions 
have already been adopted, but as the work of 
the sub-commissions was not finished then, 
some further resolutions have been given to me 
to be adopted in this full session. First, as 
you remember, à sub-commission was appointed 
under the presidency of Mr. Eckersley, and I 
would like Mr. Eckersley to give а résumé of the 
work done. 


Mr. Eckersley. — 'Two sessions of the joint 
committee of Commissions II and V were 
held (!). A formal resolution was adopted 
concerning further investigation of the theory 
of propagation and absorption of waves in the 
atmosphere (?) Papers were read by Prof. 
Elias and Prof. Manneback on the transmission 
of waves, and on relations between waves and 
geometrical optics. Further discussions on the 
subjects came out. The chief points brought 
out were the relation between the ray theory 
and the wave theory, and that formed prepa- 
ration to the work it is suggested to be carried 
out by Prof. Manneback and myself on the 
same subject for the next meeting of the U.R.S.I. 


The President. — Any comments ? If not, 
I want to thank M. Eckersley most warmly 
for the work he has done in his sub-commission. 
The work was of a rather theoretical nature, 
but, as in so many cases, I think the theory can 
help us considerably to understand those com- 
plicated phenomena which happen when waves 
travel in a region whose constants vary in space. 

Gentlemen, I think the resolutions have been 
distributed in your pigeon-holes, and to make 


(1) See accounts p. 56. 
(?) See p. 119. 


sure that you all agree to them (some have been 
already adopted) I would like to go through 
them in a rapid way. 


Resolution 1 (!) is already adopted at the last 
session. I hear that Prof. Wagner and Prof. 
Mesny are willing to prepare the report. 

Resolution 2 (!) was discussed, but no one 
has yet been found to make the report. I 
would suggest to you to ask the two following 
gentlemen to prepare a report : Dr. Dellinger 
and Mr. Eckersley. It is of course understood 
that they are quite free if they find it of value 
to ask further gentlemen to assist them. (No 
remark). 


Resolution 3 (') is already adopted, and 
MM. Llewellyn, Moullin and myself will report 
on the subject. 


Resolution 4 (!) This resolution runs as 
follows : (The President reads resolution 4, 
which is adopted; Dr. van der Pol will report 
on the subject). 

Resolution 5 (!) is also adopted and MM. 
Eckersley and Prof. Manneback will report. 

This finishes the work of Commission V, but 
I won't close this session without having thank- 
ed more heartily Prof. Mesny and Prof. Wagner 
for the important work which was done in the 
sub-commissions under their direction. Both 
sub-commissions had a very hard task because 
the questions considered there do not belong 
to the simplest ones of radio, they are very 
often complicated, and it may perhaps be consi- 
dered as an indication of the modesty of all of 
us that we have the feeling that we did not 
quite get the bottom of many problems involved 
in the questions discussed in those sub-com- 
missions. | 

I wish to thank also Mr. Picault and Mr. Kirke 
for the. work they did in preparing the scheme 
for the international co-operation for finding 


(1) See p. 119. 
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out more about the interaction of radio waves in 


the ionosphere. I hope that also this work will 
be a success, and that important progress can 
be reported after two or three years. I was 
myself present mostly during all the work of 
these sub-committees, and I must thank the 
Presidents again most heartily for their interest- 
ing and difficult work. 

And finally, I wish also to say a word of 
thanks to M. Herd. I do not think that Com- 
mission V would have accomplished its work in 
the time put at its disposal without the assis- 
tance of M. Herd in finding times for our sessions 
so that we did not interfere too much with the 


work of the other sub-commissions and vice- 
versa. 

And in conclusion a word of thanks to the 
reporters, who have been so very active in 
helping us through the work. It is easy to be 
President and Vice-President, but the work 
falls a great deal on the reporters, who have to 
work during and after the session. 

If there is no further matter to be discussed, 
or any further suggestions to be made in con- 
nection with the work of Commission V, I have 
to thank you all very much for your presence, 
and we hope to come together again after two 
or three years. 


Sous-Commission 1. — Physique de la haute Atmosphère 
Sub-Commission 1. — Physies of the Upper Atmosphere 


Séance du mercredi 12 septembre. — Meeting held on Wednesday, September 12th. 


]. — La séance est ouverte à 15.30 heures, 
sous la présidence du Prof. R. MESNY, Président 
de la Sous-Commission, assisté du Dr. Mary 
Taylor comme rapporteur. 


2. — Assistent à Ја séance : MM. le Prof. 
E. V. Appleton, P. Baudoux, T. L. Eckersley, 
le Prof. Jhr. G. Elias, l'Ing. T. Gorio, le Prof. 
F. E. W. Hackett, le Dr. В. 1а Cour, Dr. J. S. Mac 
Petrie, le Prof. Dr. H. Norinder, le Dr. B. van 
der Pol, le Prof. Dr. K. W. Wagner, le Dr. F. W. 
G. White et le Prof. H. Yagi. 


3. — Le Président déclare que par suite de 
l'absence du Prof. Chapman, la discussion de 
son étude (!) est remise à une séance ultérieure. 


4. — Discussion sur la constante diélectrique 
d'un milieu ionisé (Documents по 2] et 38). 


Le Président prie le Prof. Appleton de faire 
l'exposé de son étude (?). 


Prof. Appleton states that laboratory investi- 


(1) Document n? 6. 
(2) Document n? 38, p. 148. 


gations on the dielectric constants K of the 
ionised air has been initiated by Dr. van der 
Pol in the Cavendish Laboratory, Cambridge, 
in 1919. Не found that K could assume values 
smaller than 1. In 1927, H. Gutton and 
G. Clement found that K could be smaller than 
] and also discovered а phenomenon suggesting 
the presence of characteristic frequency in the 
gas. 

Prof. Appleton considers that these experi- 
mental observations are correct but their 
interpretation are different from that given 
by Gutton and Clement. 


He inclines to the explanation given by 
Pedersen and Rybner and the purpose of the 
work described in document 38 was to attempt 
to settle the point experimentally. Не uses the 
probe method of Langmuir and Mott-Smith to 
measure N and the results tabulated show 
agreement with Pedersen's explanation. An- 
other possible explanation is that of plasmoidal 
oscillations given by Langmuir and Tonks, but 
Prof. Appleton is doubtful about this as the 
oscillations arise owing to presence of the 
boundary. 
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Le Président donne un арегси des principes 
de l'étude de Gutton (!) Les phénomènes de 
résonance sont dus à ce que la masse gazeuse 
est limitée; les charges qui s’accumulent à ses 
limites donnent lieu à des forces élastiques. 
La haute atmcsphére peut étre considérée 
comme limitée approximativement par deux 
plans horizontaux et les nuages d'électrons qui 
doivent s'y trouver constituent également des 
masses limitées; on doit donc s'attendre à y 
voir se produire des phénoménes analogues à 
ceux que Гоп constate dans les tubes ayant 
servi aux expériences. 


Prof. Appleton remarks that the Gutton effect 
is very marked in laboratory experiments but he 
is not aware of its having been observed in 
wireless phenomena. The crucial question 
seems to be : is there any reason why the die- 
lectric constant of an ionised medium should 
not assume negative values 7 


Prof. Elias remarks that the ratio of volume 
to surface in the upper atmosphere is very 
large, so that the bouudary effect would be 
small. 


Le Prof. Manneback demande si les phéno- 
ménes ont été mesurés dans des tubes de dimen- 
sions différentes, ce qui résoudrait la question 
de savoir si c'est un effet de surface ou ncn. 


Prof. Appleton states that different ratios 


Са have been used but not small and large 
1 | 


tubes. 


Le Prof. Manneback suggère de faire un 
contróle expérimental de l'effet du volume : 
en faisant varier ie rapport de ce dernier à la 
surface. Les deux théories (a)du Prof. Pedersen 
et (b) de l'effet limité, peuvent, en réalité, être 
une seule et méme théorie. Les osciilations 
plasmoidales sont des ondes stationnaires don- 
nées par une valeur négative de K ; les phéno- 


( Document n? 21, p. 140. 


ménes optiques sont causés par des ondes 


progressives qui exigent une valeur positive 
de K. 


Le Prof. Wagner dit que le physicien ne voit 
aucune objection à l'existence de valeurs néga- 
tives de K ; c'est simplement une extension de 
la définition, la méme idée se présente dans les 
problémes de la propagation des ondes le long 
de conducteurs, où, dans certaines conditions, 
la capacité et l’inductance deviennent com- 
plexes. 


Dr. van der Pol agrees with Prof. Wagner that 
negative values of K are merely а matter of 
definition. K is a function of frequency and 
may be either positive or negative. Plasmoidal 
oscillations occur when stationary waves are 
present i. e. the phase velocity is infinite (all 
parts are cophasal) or the group velocity is zero. 
The change of sign of K is the physical expres- 
sion of the mathematical transition of the 
partial differential equation of the oscillations 
from the hyperbolic to the elliptic type ; this is 
a real distinction. 


Dr. van der Pol further enquires the reason for 
writing equation (1) in document 38 in the form 
given. What has happened to the Lorentz- 
Hartree polarization term formerly inserted by 
Prof. Appleton ? | 


Prof. Appleton gives а short résumé of the 
history of the adoption and subsequent omission 
of this term ; theoretical arguments by Tonks, 
Norton and Darwin and laboratory experiments 
in which it was not found were evidence against 
the validity of its presence. 


Prof. Elias remarks that the numerical value 
1/3 adopted for the term depends on the shape 
of the cavity assumed round the electron whose 
movement gives the fundamental equations of 
the theory. 


Mr. T. L. Eckersley remarks that three theo- 
ries are under consideration. 
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]. — That of natural oscillations of the ionised 
medium. 

2. — That of no natural oscillations of the 

ionised medium. 

3. — That of no natural oscillations in Tonks' 
arrangement. 

There is really no difference between n? 3 and 

the ordinary theory of an ionised medium; 

zero group velocity and presence of stationary 

oscillations of the medium at the critical fre- 

quency. 


Prof. Appleton remarks that the theory of 
Langmuir and Tonks does not apply to a 
discharge tube, in which there is a sheath of 
positive ions and which is effectively equivalent 
to a diode. The varying concentration in the 
sheath gives rise to electric forces there. Unpu- 
blished laboratory experiments have shown 
that the effects of Gutton and of Langmuir and 
Tonks are not absolutely identical. 


Mr. T. L. Eckersley pointsout that the sheath 
is an appreciable fraction of the whole volume 
of the discharge tube. 


Dr. van der Pol recalls a remark of Lorentz 
to the effect that inhomogeneity of themedium 
might cause an apparent increase of K. This 
is fully worked out in his thesis of 1920. In the 
case of a thin striated dielectric, the value of K 
given by measurements taken externally is 
always greater than the smallest actually occur- 
ing within the medium. 


Prof. Elias remarks that the influence of the 
mean free molecular paths is not the same in 
laboratory experiments and in the ionosphere. 


5. — Discussion sur le coefficient de recombi- 
naison de la haute atmosphere. 


Le Président prie le Prof. Elias d'exposer son 
étude sur le coefficient de recombinaison de la 
haute atmosphère. 


Prof. Elias says that the idea is to measure 
the time interval between sunrise at the height 
of the layer and the time of formation of the 


layer. The corresponding interval at sunset can 
also be observed. It is found to be about 2 hrs. 
in both cases and is smaller than had been 
expected. The coefficient of recombination « 
was found in this way to be of the order of 
10'°. If this coefficient were proportional to 
density, in accordance with Langevin's expe- 
riments, a lower value might be expected. 
Later experiments give indeed a larger value 
of « at lower densities. On the other hand the 
breath of spectral lines in the aurora seems to 
show that the temperature of the upper atmo- 
sphere may be much higher than that expected, 
a cireumstance which would cause a higher 
density than at lower temperature. 

Prof. Elias suggests that laboratory expe- 
riments may be made on the variation of « 
with the two quantities; temperature and den- 
sity of the gaseous medium. 


Mr. T. L. Eckersley points out that his expe- 
riments and Prof. Chapman's calculations agree 
in giving a value of « for F-region of 1.2 x 10°". 


Prof. Elias remarks that at the earth's surface 
х varies as 10°; this ratio of 10* between the 
values of а at the surface and in F-region neces- 
sitates а large variation of temperature, if а is 
proportional to density. 


Mr. T. L. Eckersley suggest that the discussion 
may be adjourned until Prof. Chapman could 
be present as he has developed the theory of 
atmospheric ionization ` апа recombination. 


6. — Discussion sur l'absorption des ondes 
électromagnétiques dans un milieu magnéto-toni- 
que (expériences de laboratoire). 


Le Président invite M. Gorio а présenter une 
étude du Prof. Todesco sux des observations 
expérimentales dans un milieu d'ionisation 
magnéto-active. | 

f 

The paper is read by Prof. Appleton. Prof. 
Todesco has already demongtrated the existence 
of selective absorption in/a ionised medium in 
the presence of an extern:Al magnetic field. The 
electron orbits are then Shown to be circles. It 
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is however now found that, if the effect of space Todesco has now confirmed this experimen- 


charge in the filament-anode space are consi- 
dered, the orbits are cardioides and Langmuir's 
space charge law gives pseudo-cardioides. Prof. 


tally, using 18 cm. waves. 


7. — La séance est levée à 17.30 heures. 


Séance du lundi 17 septembre. — Meeting held on Monday, September 17th. 


]. — La séance est ouverte à 11.30 heures, 
sous la présidence du Prof. R. MESNY, assisté du 
Dr. Mary Taylor comme rapporteur. 


2. — Assistent à la séance : MM. le Prof. 
S. Chapman, le Prof. Dr. Jhr. Elias, Ј. А. Rat- 
cliffe, le Dr. B. van der Pol, le Prof. H. Yagi. 


3. — Le Président ouvre la séance en invitant 
le Prof. Chapman à donner un aperçu de son 
étude (!). 


4. — Discussion sur la Composition et la 
Température de la Haute-atmosphére. 


Prof. Chapman gives an account of his paper. 


Mr. Ratcliffe remarks that measurements he 
is making on absorption give a value of 2 x 10? 
for the collision frequency at 250 km. height, 
and says that this is on agreement with Prof. 
Pedersen's value. He asks how this value 
would compare with values to be deduced 
from Prof. Chapman's theory. 


Prof. Chapman says that he cannot give a 
definite answer to this question until more 
calculations have been done; Prof. Pedersen 
wésumes an atmosphere consisting of helium 
at great heights but lower temperatures than 
his (Prof. Chapman's) theory gives, so the 
effects may balance out and approximately 
the same values be obtained for the collision 
frequency. 

After further discussion of probable diurnal 
temperature variation, Dr. van der Pol suggests 
that Prof. Chapman should give à complete 
table of the composition, temperature, pressure 
and density of the atmosphere as given by 
his theory. 


(4) Document n? 6. 


Prof. Chapman states that calculations are 
already in progress and would be published in 
an English scientific journal. 


5. — Discussion sur la constante diélectrique 
d'un milieu ionisé (suite) ('). 


Le Président expose avec plus de détails 
que dans la précédente séance, les idées de 
M. Gutton; il montre, en particulier, que si 
l'on considére une onde se propageant dans une 
couche limitée par deux plans paralléles, le 
champ électrique, étant perpendiculaire à ces 
plans (2), les charges induites sur ces plans 
limites ne peuvent étre négligées que si leur 
distance est grande par rapport à la longueur 
de londe; or, dars une région où la constance 
diélectrique apparente est voisine de zéro, la 
longueur d'onde devient trés grande et la 
condition précédente ne peut étre satisfaite. 

Dans ces conditions, M. Gutton estime qu'il 
est impossible de considérer le milieu ionisé 
comme illimité et qu'il est indispensable de 
tenir compte des charges accumulées sur ses 
surfaces limites pour étudier la propagation; 
dans une telle étude, les phénoménes de réso- 
nance doivent jouer le principal róle. En parti- 
culier, il est raisonnable d'admettre que la 
réflexion sous une incidence presque normale 
doit se produire sur une couche en résonance, 
comme dans le cas des réflexions optiques 
utilisées par Rubens pour isoler les rayons 
restants. 

M. Gutton а en outre signalé des expériences 
de réflexion sur la couche Kennelly-Heaviside 
qu'il a faites par la méthode des tops, en utili- 
sant des signaux extrémement amortis produits 


(! Voir p. 86. 
(2) Voir document n° 21, p. 140. 
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par une seule étincelle en série dans l'antenne 
d'émission. Ces signaux n'ont jamais donné 
lieu à des échos alors que des signaux entretenus 
émis dans les mémes conditions en fournissaient. 
Ces expériences sont encore d'accord avec 
existence d'une résonance (!). 


Dans la discussion qui а suivi, on fait 
remarquer que dans le cas de réflexions sous 
des incidences trés différentes de 909, telles 
que celles qui se produisent dans la pratique 
des communications, la propagation des ondes 
dans le milieu ionisé se produit dans des régions 
où la constante diélectrique apparente est trés 
différente du zéro et oü, par conséquent, la 
longueur d'onde reste petite vis-à-vis de la 
distance des surfaces limites, le milieu peut 
alors étre considéré comme illimité. Quant au 


cas de la réflexion normale, il ne parait pas 
possible de lui appliquer un raisonnement 
analogue à celui qui est employé pour une 
propagation paralléle aux plans limites. 


Il serait désirable qu'une étude quantitative 
de la question soit abordée pour contrôler 
l'influence de résonances éventuelles. 


Prof. Elias remarks that Frl. Szekely (Graz) 
has also found a natural frequency of an ionised 
gas but this also depends on the boundaries 
and the voltage. Prof. Elias says that there is 
an analogy between rain-clouds at low levels 
and ion clouds formed by corpuscular radiation 
at ionospheric levels. 


5. — La séance est levée à 12.30 heures. 


Sous-Commission 2. — Génération des Ondes ultra-courtes. 
Sub-Commission 2. — Generation of Ultra Short-Waves 


Séance du vendredi 14 septembre. — Meeting held on Friday, September 14th. 


La séance est ouverte à 14.45 heures, sous la 
présidence du Prof. Dr. K. W. WAGNER, Prési- 
dent de la Sous-Commission, assisté du Dr. 
J. S. McPetrie comme rapporteur. 


Assistent à la séance : MM. F. 5. Barton, 
Dr. T. Gorio, R. А. Heising, I. Кора, Dr. J. S. 
McPetrie, Comm. Matteini, Prof. К. Mesny, 
Dr. B. van der Pol, Prof. H. Yagi. 


The President states that in accordance with 
a resolution passed at the Copenhagen meeting 
of the U. R. S. I. he had prepared a résumé of 
the work published on the Production of Waves 
of less than 1 metre in lenght. The résumé has 
been translated into English and is available 
at the meeting. 


Dr. van der Pol in opening the discussion on 


this paper emphasises the difficulties met with 


(!) Document n? 21, p. 110. 


= two electrode valve. 


in the study of electronic oscillators. He 
points out that Benham has shown theoreti- 
cally that a condition of negative resistance 
over a certain frequency band is possible in a 
On this hypothesis an 
oscillatory motion of the individual electrons 
within the valve is not necessary for the pro- 
duction of oscillations: The difficulty in ob- 
taining oscillations with an ordinary diode is 
in realising a suitable resonant circuit. Dr. 
Mc. Petrie has produced electronic oscillations 
using a cylindrical electrode diode in which the 
cathode is external to the coaxial anode. This 
was also fully confirmed in the Eindhoven 
laboratory. 


Dr. Mc. Petrie describes recent experiments 
made by him with two such diodes having 
similar dimensions but the operating tempera- 
ture of the cathode in one valve is high while 
in the other which is activated it is low. The 
output is greater in the case of the valve with 
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the low temperature cathode. This result 
indicates that in such valves the negative 
resistance condition responsible for the oscil- 
lation is in some way due to the direct transit 
Of electrons from the cathode to anode of 
the valve and not to a to and fro motion of the 
electrons about the anode. 


Mr. Heising summarises а paper by B. Ј. 
Thompson and P. D. Zottu entitled « An 
Electron Oscillator with Plane Electrodes » (!) 
and another by G. R. Kilgore on the « Trans- 
mission and Reception of 9 cm. waves ». (?) 

The first paper describes how electronic 
oscillations can readily be produced in a plane 
electrode triode if a plate which is given a 
small negative potential is placed near the 
filament and on the side of it remote from the 
other electrodes. It was found possible with 
valves of this design to produce waves of less 
than 10 cm. wavelength with a grid voltage 
of only 150. The results of the tests described 
in the second paper suggest that communication 
over а clear path 20 miles in length can be 
obtained in à wavelength of 9 cm. with a total 
input to the transmitter of 15 watts. 


In answer to an inquiry by Dr. van der Pol, 
Mr. Heising states that Llewellyn has found 


that an electronic space charge within a valve 
does not essentially prevent electronic oscil- 
lations from occuring. 


Mr. Barton describes the results of commu- 
nications between Lympne and St. Inglevert 
on a wavelength of 18 cm. Much fading has 
been experienced. 


MM. Heising, Mesny, Matteini et le Prof. 
Wagner décrivent des résultats semblables obte- 
nus sur une gamme de longueurs d’ondes de 
600 & 50 m. 


On convient que les effets de « fading » sont 
généralement prononcés lorsque les ondes pas- 
sent à proximité d'une masse d'eau. 


La Sous-Commission décide à l'unanimité de 
mettre les points suivants à l'ordre du jour pour 
la prochaine Assemblée Générale de 0. R.S. I. 


]. — Continuation de l'étude de la génération 
des oscillations électroniques aux ultra-hautes 
fréquences, y compris celles appelées commu- 
nément oscillations de Pierret. 


2. — Etude de la propagation des ondes 
ultra-courtes еп vue des communications à 
distance; cette étude comprendra la détermi- 
nation des effets de l’atmosphère. 


Sous-Commission 3. — Théorie des oscillations 


Sub-Commission 3. — Theory of Oscillations 


Séance du samedi 15 septembre. — Meeting held on Saturday, September 15th. 


La séance est ouverte à 10 heures, sous la 
présidence du Dr. B. VAN DER Por, Président 
de la Sous-Commission, assisté de M. F. M. 
Colebrook comme rapporteur. 


Assistent à la séance : MM. le Prof. Appleton, 
T. L. Eckersley, le Prof. Manneback, le Prof. 
Mesny, le Dr. Smith-Rose, le Dr. Mary Taylor: 
Vigoureux. 


(!) Document no 41, p. 149. 
(2) Document по 40, p. 119. 


The President, in opening the session, re- 
marks that the programme can be divided in 
two subjects : 


]. — symbolic calculus, 
2. — theory of non-linear oscillations. 


The first point to put forward is to discuss 
which of the two subjects ought to be discussed 
first. 
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La majorité des membres est d'accord pour 
voir discuter en premier lieu la question dw 
calcul symbolique. 


The President states that at the Copenhagen 
meeting, it was agreed that he and Dr. Wagner 
should present а report on this subject at the 
present meeting of the U. R. S. I. Both physi- 
cists corresponded very mucb, but they saw 
that collaboration for such à work was rather 
difficult, and Dr. Wagner asked the Chairman 
to report individually ; paper по 12 has there- 
fore been prepared by Dr. van der Pol. 

Summarizing this work, he declares that 
Heaviside, more than 40 years ago, had remar- 
ked that by substituing to the differential sign 
d/dt, the algebric sign p, many electro-magnetic 
problems could be resolved which could only 
be resolved with difficulty by the ordinary 
methods of mathematical analysis. 

Since then, the works of Bromwich, Carson 
and Wagner have rigorously established that 
calculus on а sound basis. 

For this calculus, the Chairman prefers the 
name of «symbolic » instead of « operational ». 

Carson's formula gives the « image » function 
f (p), in terms of the «original » h (x), whilst 
the Bromwich's formula gives h (x), when f (p) 
is known. Levy demonstrated that both for- 
mula are equivalent, and that each of them 1s 
the single solution of the other. h (x) is called 
the « original » and f (p) the « image ». 

The President remarks that the symbolic 
calculus does not bring the solution to problems 
which cannot be resolved by ordinary methods 
of mathematical analysis, but it often brings a 
great simplification which makes much easier 
the working out of such questions. 

He then shows by several examples how, by 
passing, before making the calculus, from the 
«original» to the «image» which often is a 
simpler funetion, formulas can easily been 
established whilst the working out by ordinary 
methods is very complicated. 


Prof. Appleton thanking the President, re- 
marks on the analogy with logarithms. One 


requires one set of tables to give the image of the 
original and another set to give the original of 
the image. 


The President replies that he has prepared 
and used such tables. 


Mr. Eckersley asks if symbolic calculus may 
be applied to linear equations with varying 
coefficients. 


The President answers that this is quite 
possible and refers to a paper on the question (!). 


Le Prof. Manneback demande si l'on peut 
obtenir par le caleul symbolique des régles 
générales pour passer d'une équation différen- 
tielles à une équation aux différences finies et 
vice-versa. 


The President indicates а method capable of 
giving the required rules. 


Mr. Eckersley should like to know if the case 
of a particular function À (x), i. e. a function 
having a infinite number of discontinuities, has 
been worked out. 


The President says that in the case of a 
finite number of discontinuities, the problem 
can be solved. 


Le Prof. Manneback pense que les conditions 
que doit remplir la fonction A (x) sont de méme 
nature que les conditions de Dirichlet pour le 
probléme de Fourier. Il se demande si la res- 
triction dont avait parlé M. le Président, à 
savoir que À (x) füt nulle pour x négatif est 
vraiment nécessaire au théoréme d'équivalence 
de Lévy. 


The President answers affirmatively and says 
that the necessity of this restriction has been 
shown by G. Doetsch. He remarks that the 
time allowed to the session is over and he hopes 
to be able to find time to discuss the theory of 
non-linear oscillations later. 


La séance est levée à 11.15 heures. 


( Phil. Mag., Dec. 1929. 


Union Radio Scientifique Internationale 93 


Séance du lundi 17 septembre. — Meeting held on Monday, September 17th. 


La séance est ouverte à 15.30 heures, sous 
la présidence du Dr. B. VAN DER Por, assisté 
de M. Vigoureux comme rapporteur. 


The President mentions three papers for 
consideration, one by himself (') and also two 
by Russian physicists : one by MM. Mandelstam 
and Papalexi, C. S., and one by MM. Kryloff 
and Bogolinboff (+) whom, after consultation 
with the President of the U. R. S. L, he had 
asked to send him communications on their 
work, about which very little had been publi- 
shed, except in the Russian language. 


The President then proceeds to summarise 
his own paper. He points out that the mere 
fact that oscillations can be generated in a 
triode fed from direct current shows that the 
system is non-linear. 

After giving examples of the differential 
equations connecting amplitude with time, he 
stresses e. g. the great difference between 
linear equations with periodical coefficients, 
and non-linear equations. such e. g. as corres- 
pond to relaxation oscillations. By а beauti- 
fully simple experiment with а pendulum, he 
illustrates the effect of a periodic coefficient, 
which may cause a large increase in amplitude. 
Similar results can be obtained electrically, 
and have been obtained in Russia, by varying 
periodically the capacity or the inductance of 
an oscillator. The oscillations build up until 
a flash-over occurs. 


The President further refers to frequency de- 
multiplication, first obtained a. o. by Prof. I. 
Koga. He considers that what is usually 
called «dragging into step» or « Mitnahme », 
in the process of the synchronization of two 
oscillators, should be viewed rather as the 
suppression of the free oscillation by the forced 
oscillation ; for as the amplitude of the forced 
oscillation is increased, the swing over the 


(1) Proc. Inst. Radio Eng., 22, 1051, 1984. 
(2) Documents n? 44 and 63, p. 151 and 193. 


curved parts of the triode characteristic causes 
an increase of the average resistance, which 
prevents maintenance of the free oscillation. 


Тће President then asks Prof. E. V. Appleton 
to summarize his recent researches on that 
particular subject. 


Prof. Appleton shows slides illustrating the 
coming into step, the « silence » period, during 
which the phase relation of the two oseillations 
changes, and the going out of step. The 
magnitude of the forced oscillation necessary 
to cause automatic synchronization has been 
measured experimentally and the value was 
found to be approximately that predicted 
theoritically. 


Prof. I. Koga agrees with the President that 
the ratio of the two frequencies to which fre- 
quency demultiplication can be applied is less 
in the case of sinusoidal than of relaxation 
oscillations. 


Prof. Wagner refers to the well-known method 
of representing a. c. phenomena by means of 
rotating vectors, which has been used by 
Bab (!) for the study of the phenomenon of 
synchronization. I this way Bab also succee- 
ded in explaining very simply the ratber intri- 
dated phenomena discovered by Baerwald, and 
called : «Seitenband-Mitnahme » where the 
side-frequency of а modulated wave is synchro- 
nized by an impressed oscillation. 


The President continuing his exposition of 
non-linear oscillations, refers to the systems 
which need an impulse or « kick » to start them, 
after which they continue to oscillate of them- 
selves ; to the « ziehen » effect, and to relaxation 
oscillations in systems with more degrees of 
freedom. 

He stresses the complete analogy between 
the electrical cases dealt with, and the many 


(1) E. N. T., vol. 11, 1934, p. 187. 
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other types of relaxation oscillations so frequent 
in nature, and gives the example of the human 
heart, consisting of 3 parts, which can, under 
certain circumstances, be made to vibrate at 
different frequencies, the ventricle frequency 
being 1/2 or 1/3 of the frequency of the other 
two portions. 


— ee 


After some discussion by Prof. K. W. Wagner, 
Mr. Baudoux, Mr. J. A. Ratcliffe, Prof. Manne- 
back and the Président on the terminology of 
degrees of freedom, the meeting terminates at 
17.45; the President announces that another 
meeting will be arranged for the. examination 
of the work of the Russian physicists. 


Séance du mardi 18 septembre. — Meeting held on Tuesday, September 18th. 


La séance est ouverte à 11 heures, sous la 
présidence du Dr. B. VAN DER POL, assisté de 
M. F. M. Colebrook comme rapporteur. 


Assistent à la séance : MM. T. L. Eckersley, 
Prof. Dr. Jhr. Elias, Prof. Fortescue, Prof. Е. 
Hackett, Dr. Mac Petrie, Prof. Manneback, 
Prof. Mesny, Dr. Mary Taylor, P. Vigoureux, 
W. Wilson. 


La séance а pour objet la discussion des 
équations différentielles non-linéaires. 


The President opens the proceedings by 
giving a brief outline of the present state of 
knowledge of oscillations defined by non-linear 
differential equations, as recorded in papers 
44 (1), 47 (2), 63 (3). He states that there are 
no known methods of exact solution and 
describes the nature of the three principal 
methods of approximate solution (the method 
of sine waves with a slow variation of amplitude, 
of expansion in a power series of a small para- 
meter, and the graphical representation of 
integral curves). With regard to the second 
of these, he points out that there is very little 
known about the radius of convergence of the 
power series. Не states that а group of wor- 
kers in Russia (Mandelstam, Papalexi, etc) has 
investigated various types of non-linear oscil- 
lation, including cases of parametric oscillation 
(oscillation involving periodic variations of 
parameter) and has supplemented their theore- 
tical work by experiment. 


(1) See p. 151. 
(?) See p. 165. 
(3) See p. 198. 


DISCUSSION. 


Prof. Elias asks whether Hegeners experi- 
mental work of ten years ago is explained by 
the Russian theoretical work. 


The President replies that he thinks it is a 
type of parametric oscillation and that such 
oscillations are discussed in the Russian contri- 
butions. He further mentions that his fun- 
damental equation for non-linear triode oscilla- 
tors can be transformed to one representing 
variable restoring force, but that the corres- 
ponding «pendulum» solution in terms of 
elliptic integrals is not applicable as the trans- 
formed oscillator equation contained a constant 
damping term. 


Mr. Colebrook emphasises the great practical 
importance of the study of non-linear diffe- 
rential equations, stating that our knowledge 
of a wide field of radio technique is dependent 
on this. It seems desirable that other coun- 
tries should follow the example of Russia in 
setting up а specific research group for this 
subject. While the work described in papers 
44, 47 and 63 is а valuable contribution, much 
more remains to be done, since modern techni- 
que requires à very much higher degree of 
accuracy of solution, particularly in regard to 
frequency, than seems likely to be obtainable 
by these methods. In triode oscillators the 
parametric variation due to the dependance 
of interelectrode capacitance on frequency seems 
to be of considerable practical significance. 


The desirable objective is a « transparent » 
analytical solution in which the significance of 
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the various individual parameters is made 
clear. It may be found that а new analytical 
technique would have to be evolved before 
this could be achieved. 


The President, in comment on this, points 
out that the approximate methods are valuable 
in giving an explanation of the general march 
of the phenomena. There are, however, possi- 
bilities of higher accuracy in the methods than 
had hitherto been sought for. 


Prof. Hackett points out the desirability 


of a clear specification of the objective of ana- | 


lyses of oscillator equations — whether know- 
ledge of frequency or amplitude was the more 
important, for example. 


The President, in agreement with this, sug- 
gests that the various methods might prove 
differently valuable in respect of different 
objectives. He also calls attention to the 
fact that «frequency» was in some cases 
somewhat ill-defined. 


Le Prof. Manneback estime également qu'il 
serait nécessaire d'étudier une nouvelle défini- 
tion de la fréquence. Il suggére de prendre 
comme mesure de la fréquence, la dérivée de la 


phase par rapport au temps, que la fréquence 
soit Constante ou non, et de baser toute spécifi- 
cation de la fréquence sur cette dérivée. 


Prof. Fortescue says that even the non-linear 
equation considered are too simple in form 
to correspond to many actual conditions of 
triode oscillation, and suggests that since 
operating conditions are controllable to some 
extent, it might be desirable to limit the practi- 
cal conditions to those which were amenable 
to analysis. 


The President agrees that such pratical sim- 
plification could be realised in many cases and 
givesan illustration from one of his earlier papers. 


Finally, the President gives а brief account 
of an informal conference on the subject held 
in Paris in 1928. He says that non-linear 
differential equations are of importance in a 
number of fields — in engineering, aerodynamics, 
etc., as well as in radio, and it is the growing 
importance of the subject which has led him 
to include it in the U. R. S. I. programme. 
He hopes that it will receive due attention 
and that it will be possible to report further 
progress at the next meeting of the Union. 
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Assemblée Générale du mercredi 19 septembre 


General Assembly held on Wednesday, September 19th 


La séance est ouverte à 15,30 heures, sous 
la présidence du Dr. EccLEs, Vice-président de 
l'U. R. S. I. 


The Chairman. — In opening this final 
meeting of the General Assembly we have to 
report first the doings of the Executive Com- 
mittee, and the first item on our paper is to 
report certain alterations to the statutes that 
have been agreed by the Executive Committee. 


Le Cap. Dorsimont donne lecture des modi- 
fications aux statuts adoptées par le Comité 
Exécutif (!). 


The Chairman. — The last alteration which 
M. Dorsimont has read really means that each 
Union in future is entirely free to adopt its 
own statutes. The exactment that the various 
Unions were subject to the statutes of the 
International Research Council is suppressed 
and therefore each Union is now free and inde- 
pendent of the International Council of Re- 
search. The alterations to our statutes which 
you have heard read need not therefore be 
submitted to the International Council. They 
are already in force. 


Prof. Chapman. — Should not the alterations 
be ratified by the General Assembly ? 


The Chairman. — We cannot find in the 
statutes, Prof. Chapman, any further direction 
as to the procedure in altering the statutes 
except that the whole of the organisation and 
administration is left in the hands of the 


(1) Voir p. 105. 


Executive Committee. There is no require- 
ment as to ratification, but it would be a very 
agreable thing if we could have the approval 
of the General Assembly to anything the Execu- 
tive Committee has done. If members of the 
General Assembly wish to say anything about 
these alterations, they are welcome to do so. 


(Les modifications aux statuts sont approu- 
vées à l'unanimité). 


The next thing is to receive reports of Pre- 
sidents of Commissions. I am going to ask 
the President of each Commission to state 
what sub-committees have been formed, the 
purpose of each sub-committee, and, if he can, 
the personnel of each sub-committee, so that 
the General Assembly is fully informed of the 
future constitution of the Union. 


Dr. Rayner, President of Commission I, 
— Commission I divided itself into two sub-com- 
missions, one dealing with standards of fre- 
quency and similar subjects, and the other 
dealing with measurements of field strength. 
Тће one session was devoted to the first subject 
— frequency — and some interesting results 
were recorded by members of the Commission. 
I do not think that I need go over the ground 
again, but if I may put forward formally the 
resolutions of Commission I, Sub-Commission 
1 (‘), which were agreed to this morning, I will 
do so. The paper is in the hands of the Congress 
and I do not propose to read the details, and 
I do not think translation will be necessary. 


(5) See p. 108. 
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I formally move that the resolutions. of Com- 
mission I, Sub-Commission 1, be adopted. 

The second sub-commission, over which Dr. 
Smith-Rose presided, held three meetings to 
study the subject of the measurement of radia- 
tion field intensity. Some very interesting 
discussions and practical suggestions were made. 
The work divided itself among several ranges 
of frequency. The requirements of each range 
being somewhat different from those of the 
others. They decided it was desirable that 
the national laboratories should equip themsel- 
ves with apparatus for verifying other apparatus 
for measuring field strength, and they suggested 
to the national laboratories a series of degrees 
of accuracy for five different frequency ranges 
suitable for the particular purpose for which 
those frequencies are used. They have suc- 
ceeded in forming what I consider to be а very 
valuable table indicating the accuracy at which 
it is thought the national laboratories should 
aim in setting up apparatus of this character. 
The results of the deliberations are contained 
in five resolutions of Commission I, Sub-Com- 
mission 2, (!) Measurement of Field Strength, 
some of which deal with technical points which 
need not be entered into now. I therefore have 
pleasure in requesting the congress to adopt 
these 5 resolutions. 


The Chairman. — I ask the Assembly if they 
approve of this report ? (Approved.) 


Dr. Smith-Rose, Deputy of Dr. Dellinger, 
President of Commission II. — The work of 
Commission II was divided up into four sub- 
commission, and a fifth sub-commission was 
elected jointly with representatives of Com- 
mission V, to consider the theory of propagation 
in the ionosphere. The first of these four sub- 
commissions dealt with ionospheric measure- 
ments, and a series of resolutions (?), largely 
concerned with nomenclature and definitions, 
and finally containing а recommendation for 
the formation of а standing committee, have 


(1) See p. 109. — (2) See p. 110. 


been adopted at the full session of Commis- 
sion II. The constitution of the standing 
sub-committee which it is proposed to appoint 
is as follows : Prof. Appleton, Comm. Bureau, 
Dr. Dellinger, Dr. la Cour, M. Naismith, Dr. van 
der Pol, Mr. Watson-Watt. 

It was agreed that the Chairman of this 
sub-committee had power to co-opt represen- 
tatives from other countries not already repre- 
sented. 

The second sub-commission presided over by 
Mr. Heising dealt with sunspot relations. Two 
resolutions containing recommendations for the 
continuation of the work were adopted (!). 

The third sub-commission under Dr. van der 
Pol dealt with the subject of the interaction 
of radio waves. A resolution (2) which has been 
adopted by Commission II recommends the 
formation of & sub-committee consisting of 
Mr. Picault, Mr. Kirke and Mr. Eckersley, to 
devise а range of certain experiments on the 
interaction of radio waves, Dr. van der Pol to 
receive and correlate the reports of those 
measurements. 

The fourth sub-commission under the presi- 
dency of Prof. Chapman dealt with the relation 
with solar eclipses, and four resolutions, 
already circulated and adopted by the meeting 
of Commission II, were drawn up by that sub- 
commission. 

There was & special commission set up last 
year to deal with the work of the International 
Polar Year. That has moved two resolutions 
which were adopted at the meeting of Com- 
mission II. A further resolution was proposed 
by Prof. Appleton in connection with the col- 
Jection of data on magnetic activity, which was 
2180 adopted by Commission II. 


The Chairman. — May I take it that the 
General Assembly approves this action on the 
part of Commission II. (Approved.) 


Prof. Appleton, President of Commission III. 


— Our first sub-commission under Prof. Norin- 


(1) See p. 118. (2) See p. 114. 
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der's presidency made seven recommendations 
for increasing our knowledge of electric pheno- 
mena in the atmosphere (!) and finally decided 
to appoint а committee under the presidency 
of Prof. Norinder, and including Mr. Watson- 
Watt and Dr. Schonland (in South Africa) to 
see that these resolutions were made known to 
workers likely to extend our knowledge in this 
particular field. 


The two sub-commissions on propagation 
and measurements were eventually combined 
into а single one with Comm. Bureau as Pre- 
sident, and they made three resolutions dealing 
with such things as particular frequencies on 
which atmospherics were to be recorded (?). 
There will now be a sub-commission with 
Comm. Bureau as Chairman, Mr. Lugeon and 
Mr. Watson-Watt as other members. This 
sub-committee is to organize the recordings of 
atmospherics and suggest а way that the rate 
of generation of electric disturbances in all 
regions of the globe may ultimately be deter- 
mined. 

Next, Sub-Commission 4, direction-finding, 
put forward а number of resolutions dealing 
with the details of such work (3), and a sub- 
commission was appointed under Mr. Watson- 
Watt's chairmanship. This is а rather larger 
committee because it is for extending the work: 
Comm. Bureau, Dr. Friis, Dr. Lugeon, Prof. 
Norinder, Dr. Schonland, Prof. Wagner. 


Another sub-commission was added to the 
ones shown on the board. This is à sub-com- 
mission of one member only, that is, Mr. Watson- 
Watt, to deal with all questions of interchange 
of data between interested workers in this 
particular field of atmospherics. 


Тће Chairman. — Does the General Assembly 
approve of these resolutions 7 (Approved.) 


The Chairman. — Prof. Kennelly is the 
President of the Commission on Cooperation (IV). 
There has been one meeting and one resolution. 


(1) See p. 115. (?) See p. 116. (*) See p. 117. 


— 


Dr. vander Pol, Deputy Chairman of Com- 
mission IV. —- А resolution has been submitted 
and accepted this morning for Commission IV, 
and this resolution reads (!) (Dr. van der 
Pol reads the resolution). 


L'Assemblée Générale ratifie la résolution 
présentée par la Commission IV. 


Dr. van der Pol, President of Commission V. 
— Тће Commission V was split up in three 
sub-commissions : 1) under the presidency of 
Prof. Mesny ; 2) under the presidency of Prof. 
Wagner; 3) under my own presidency. 

The first sub-commission considered the cons- 
titution of the higher atmosphere and also 
considered the questions arising in connection 
with the theory of the propagation of waves, 
and specifically it was discussed in the sub- 
commission under what circumstances the gene- 
ral wave theory can be simplified to а ray 
theory of propagation. 

In the second sub-commission under Prof. 
Wagner detailed discussions took place on the 
generation of ultra-short waves and the pro- 
blems connected therewith. 

In the third sub-commission we had exten- 
sive discussions on the symbolic calculus and 
its application to radio, and on the non-linear 
theory of oscillations, and I think it was charac- 
teristic for our Commission V that we found 
that of all these problems we knew still very 
little, and that is the reason why in our reso- 
lutions (of the Commission V) (?) it was sugges- 
ted that many of the questions already treated 
should be extended and treated again in the 
next assembly of the U. R. S. I. 

We therefore propose five resolutions : 

]. — Concerning further study of the gene- 
ration of ultra-short waves: report to be made 
by Prof. Wagner and Prof. Mesny. 

2. — Concerns the further study of the 
propagation of ultra-short waves below 10 m. : 
suggested study to include the determination 
of the effect of the atmosphere and of the earth. 


(!) Sce p. 118. (2) See p. 119. 
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3. — Concerns а new subject for this meeting, 
although it was already discussed at Copen- 
hagen; it is : À further theoretical and experi- 
mental study of Brownian movements of elec- 
trons in conductors and of the Shot effect in 
thermionie tubes. Mr. Llewellyn, Mr. Moullin 
and myself to prepare a report for the next 
Union. 

4. — Further resolution, the theory of non- 
linear oscillations again to be considered and 
further advance to be reported. I was asked 
to prepare а report. 

5. — This Commission jointly with Сот- 
mission II desires the further investigation 
of the theory of propagation and absorption 
of waves etc. The Commission has asked 
Mr. Eckersley and Prof. Manneback to prepare 
a report on this subject. | 


The Chairman. — You have heard these 
recommendations. Do you approve them ? 


L'Assemblée Générale approuve les résolu- 
tions proposées par la Commission V. 


The Chairman. — The next business on our 
paper is to report the action of the Executive 
Committee and various changes in personnel 
of the Union. The first matter concerns the 
new Presidents of Commissions. 


The arrangements made are : 


Commission I. — Dr. Rayner, President. 

Commission II. — Dr. Dellinger, President. 

Commission III. — Prof. Appleton, President. 

Commission IV. — No President appointed at 
present. | 

Commission V. — Dr. van der Pol, President. 


I hope these have the approval of the General 
Assembly. (Approved.) 


The Executive Committee have proposed the 
Vice-Presidents for the next period: Prof. Na- 
gaoka, existing Vice-President, we recommend 
should continue in office; Prof. Mesny, recom- 
mended at the Paris meeting of the Executive 
Committee, confirmed at this meeting of the 
Executive Committee; Dr. Dellinger and Dr. 
van der Pol, two new Vice-Presidents, proposed 


at this meeting. I hope this has the approval 
of the General Assembly. (Approved). 


The next item had better declared by the 
General Secretary, Dr. Goldschmidt. 


Le Secrétaire Général. — Les statuts ne 
spécifient rien en ce qui concerne la nomi- 
nation de Présidents d'Honneur, et cependant 
nous désirons beaucoup que l'Assemblée Géné- 
rale vote la création de deux Présidents d'Hon- 
neur. Je vais vous dire pourquoi. Supposons 
par exemple que dans un pays tel quel'Angle- 
terre, nous ayons l'intention d'offrir une place 
du Bureau à une certaine personnalité ; il est 
impossible d'avoir un Président et un deuxiéme 
siége au Bureau occupé par un membre де Ја 
méme nation. Dans le cas présent, nous aime- 
rions en méme temps avoir le Dr. Eccles comme 
Président, mais nous ne pouvons pas réaliser 
ce désir. Il existe cependant un moyen de 
tourner la difficulté en créant des Présidents 
d'Honneur. C'est l'objet de la proposition que 
nous vous soumettons et nous vous proposons 
d'offrir l'un de ces titres au Dr. Eccles et l'autre 
au Prof. Kennelly. (Applaudissements.) 


The Chairman. — 1 am requested to put to 
the meeting that the action of the Executive 
Committee be approved. (Approved.) 


On my own part I ought to say I appreciate 
extremely this great honour, and, as I told the 
Executive Committee, I appreciate it all the 
more because I am not deserving of it. А 
thing not merited is usually valued more highly 
than something that has been earned. This has 
come to me quite undeservedly, and I value it 
very highly, not on that account, but I value 
it doubly on that account. It shows the 
extreme kindness of the officials of the U. R. S. I. 
and their long memory of work I did long ago 
before the U. R. S. I. was formed. I thank 
you, gentlemen, very much (Applause.). 


Le Secrétaire Général. — Nous remercions 
le Dr. Eccles d'avoir accepté notre offre. Elle 
est pleine de conséquences pour lU. R. S. I. 
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Le Dr. Eccles ajoutera encore à la gloire de notre 
Union. (Applaudissements.) 


The Chairman. — The next item is to announ- 
ce the action of the Executive Committee in 
nominating а new President. They have pro- 
posed Prof. Appleton as President for the next 
period. I need not try to justify that appoit- 
ment. It would be painting the lily and doing 
all sorts of unnecessary things. We of the 
Executive Committee are very glad that Prof. 
Appleton will undertake the onerous duties of 
President during the coming period, and we 
know his reign will be a great succes. I ask 
you to approve with acclamation his nomina- 
tion. (Applause.) | 


Prof. Appleton. — Mr. President, Gentlemen : 
I thank you very much indeed for the great 
honour you have done me in making me Pre- 
sident of the Union. I have in mind, of course, 
the great qualifications of my predecessors, 
of General Ferrié, Dr. Austin, Prof. Kennelly, 
and I think we ought to include in our line of 
Presidents Dr. Eccles himself. We have all 


admired the sagacious way he has presided over 


our activities, and I regard him as one of my 
predecessors in office. In accepting office, I 
feel encouraged to do so because of the help 
which I know I can count on from various 
sources. For example, I know I can count on 
Dr. Goldschmidt, who is in every sense of the 
word the father of our Union, (Applause), 
besides being, Gentlemen, as I have recently 
learned, the real father of broadcasting. Then 
I ean count on Capt. Dorsimont, who always 
seems to be there in readiness to help anyone. 
And I think I can count on all of those who 
have been here this meeting. It seems to me 
that co-operation has been the watch-word 
throughout this gathering. If I can win from 
you anything like the affectionate regard you 
have accorded to my predecessors, I shall be 
very proud indeed. (Applause.) 


The Chairman. — That concludes the busi- 
ness of this part of the meeting. We will have 
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tea outside and return to run through a series 
of formal motions which are necessary to our 
business, which can be carried through fairly 
rapidly. 


La séance est suspendue pendant 15 minutes. 


The Chairman. — Ladies and Gentiemen, 
I will open this meeting by reading to you a 
cable I have received from Prof. Kennelly in. 
reply to the message we sent to him expressing 
our sympathy with him on his illness and 
wishing bim a speedy recover. 

«Deeply appreciate kind message of sym- 
pathy. Good wishes to all members. I feel 
assured of successful meeting ». 

Now our business this afternoon is to propose 
a series of votes of thanks to all the people who 
have been hospitable to the О. R. S. I. during 
its visit to London. I will call first upon 
Prof. Mesny to propose the vote of thanks to the 
Royal Society for their hospitality. (A pplause.) 


Le Prof. Mesny. — Mesdames, Messieurs, 
nous sommes arrivés à la fin de nos travaux et 
nous avons maintenant le loisir et le devoir de 
considérer les conditions dans lesquelles nous 
avons travaillé. Comme Га fait remarquer 
notre Président, l'importance de l’œuvre de 
ГО. R. S. I. va en grandissant, mais nous пе 
devons pas oublier qu'outre le travail personnel 
de chacun des membres de l'Union, les condi- 
tions matérielles dans lesquelles nous nous 
sommes trouvés ont joué un róle considérable 
en facilitant notre фасће. Gráce à la Royale 
Society, nous avons trouvé ici, des locaux 
parfaitement adaptés au travail que nous 
avions à faire. Nous la remercions d'autant plus 
chaleureusement que nous sommes trés encom- 
brants, trés bruyants et par conséquent peu 
désirables. La Royale Society fait plus que de 
nous placer dans d'excellentes conditions, elle 
a installé nos réunions dans des salles merveil- 
leuses où nous avons travaillé sous l'égide 
encourageante de tous les savants de l'Angle- 
terre: ici méme, le plus grand de tous, Newton 
qui surveille au cours des siécles, les progrés de 
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Ја science qu'il à si magistralement mise en to accept this motion o thanks to the Presidents 


matche, préside à notre derniére séance. (Applau- 
dissements.) 


Dr. Eccles. — 1 take it from your applause that 
this resolution is heartily agreed. (Agreed.) 

Fortunately we have Sir Henry Lyons, 
Treasurer of the Royal Society, with us. He 
may respond (Applause). 


Sir H. Lyons. — Mr. President, Ladies and 
Gentlemen. The President of the Royal So- 
ciety has desired me to express to you his 
regret that he is unable to be present at your 
final meeting, and I am sure that he and the 
Council will be extremely pleased to learn 
from Prof. Mesny’s speech that the facilities 
which the Society has been able to place at 
your disposal have been sufficient and satis- 
factory. It is almost 16 years ago since a group 
of scientific men met in this room to discuss 
how it might be possible to reform international 
scientific organisations, and the outcome of that 
was that some 7 or 8 international unions have 
been since organised. I do not think that 
there is any of those unions that can show a 
finer record of bigh scientific achievement than 
can the International Scientific Radio Union. 
It has so wide a field and has covered it so 
effectively in the time at your disposal that I 
am sure even greater results await you. On 
behalf. of the President and Council of the 
Royal Society I beg to convey to you our best 
wishes and the hope that your future may be 
even more successful than has been the past. 
Thank you, Gentlemen ! (Applause.) 


Dr. Eccles. — Now the next item is а vote of 
thanks to the President of Commissions, the 
reporters and the interpreters. I will not 
name them individually, it is & very long list. 
I will simply say that we can scarcely express 
our indebtedness to the various presidents and 
other officials in ordinary words. Their labours 
have been so prodigious, especially at this 
Congress more than at any previous Congress, 
their labours have been so great that anything 
I can say is perfectly inadequate. I ask you 


of Commissions, reporters and interpreters 
with acclamation. (Applause). 

Then another body of workers we wish 
especially to thank is the clerical staff. I will 
ask Dr. Rayner, who knows most about this, 
to speak. 


Dr. Rayner. — I have а most pleasant duty 
to perform in expressing our most sincere 
thanks to our clerical staff for their help. Not 
only has my personal assistant, Miss Mercer, 
helped me in the organisation of the meetings 
during the past year, and has known many of 
you by name, but during the last week she 
and other members of the staff have worked 
early and late to help us. 

A Congress of this kind depends for its 
existence on the typewriting machine and its 
operators. Wat the first Polar Year people did 
without typewriters I cannot imagine. There 
were no such machines in existence. Three of 
the staff have been put at our service by the 
National Physical Laboratory and two by the 
British Standards Institution. They are all 
accustomed to technical electrical work, which 
makes а great difference in the accuracy and 
correctness of the reports which you receive. 
I ask you to give them your most sincere 
thanks. At the opening session I said their 
one object was to serve you, and this they have 
done in full measure. (Applause.) 


Dr. Eccles. — I put that to the meeting 
formally. (Agreed.) 

Our next act of gratitude is to the Ladies' 
Committee and I will ask Madame Mesny to 
propose the vote of thanks (Applause). 


Madame Mesny monte sur l'estrade, mais 
trop émue, elle ne peut prononcer l'allocution 
suivante : 


Mesdames, 


Au nom des dames étrangéres qui ont été 
assez heureuses pour accompagner leurs maris, 
je viens vous exprimer notre reconnaissance 
pour l'accueil que nous avons reçu. 


Messieurs, 
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Vous n'avez rien négligé pour nous faire 
connaître le trés beau caractère de votre magni- 
fique pays; croyez bien que nous en conserve- 
rons précieusement le souvenir. Mais laissez- 
moi vous dire que l'admiration que nous avons 
éprouvée pour tout ce que nous avons vu, 
est dépassée par l'émotion que nous a causée 
votre cordialité ; dés le premier jour nous avons 
eu l'impression de nous trouver en famille — 
at home — et je ne crois pas qu'il y ait de sen- 
timent plus doux, surtout pour une femme. 

Nous regrettons d'interrompre 81 tót d'aussi 
charmantes relations et nous souhaitons de 
vous rencontrer nombreuses aux prochaines 
réunions de lU. R. S. I. Nous espérons que, 
guidées par votre exemple, nous saurons donner 
à votre séjour chez nous le méme cachet de 
gaité franche et de sincère amitié. (Applaudis- 
sements.) 


Mrs. Appleton. — I understand perfectly 
what Madame Mesny wants to say. I do not 
know much French, in fact I know very little, 
and on the first day when we met these ladies 
we all looked rather strained, and I myself was 
very frightened, but you see to-day we are not 
frightened, we understand one another per- 
fectly without words. Many friendships have 
been formed, and I am sure all the English 
ladies would wish me to say how we have loved 
having you here in London. I heard the En- 
glish ladies say that not only have they enjoyed 
themselves enormously, but they have learned 
a lot more French in à much more pleasant 
way than one usually learns at school. We 
shall all remember this conference as long as 
we live, and I hope that we shall all meet again 
at the next conference, perhaps, so that we may 
strengthen the friendship so charmingly formed 
in England. We all wish you «bon voyage » 
and «au revoir»! (Applause.) 


Dr. Eccles. — I put the vote to the meeting. 
(A pproved.) 

The next item is to convey our thanks to 
various official bodies who have welcomed us 
and entertained us. In the first place there 
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is the Government itself then we have sections 
or departments of the Government, and then 
other institutions. I will merely read the list. 
It will be arranged, of course, that each of the 
authorities named will be communicated with 
and a formal vote of thanks sent to them, but 
I will read the list and ask you to approve a 
vote of thanks from the Chair. 

Those to whom we must send our thanks 
are : H. M. Government, the Post-Master 
General, the Director of National Physical 
Laboratory, the British Broadcasting Corpo- 
ration, the Royal Institution and St.Johns 
College, Cambridge. Those in favour of this 
motion, will they please hold up their hands. 
(Approved.) 

The next vote on the paper is thanks to the 
Chairman and members of the British National 
Committee, who have had all the preparation 
of the visit of the congress to London during 
the past year or more. I will ask Dr. Goldsch- 
midt to propose that motion. 


Dr. Goldschmidt. — Je crois étre l'interpréte 
de tous en demandant de voter des remercie- 
ments au Président et aux Membres du Comité 
National Britannique. (A pplaudissements.) 


Prof. Appleton. — Ladies and Gentlemen, 
It will give me great pleasure to transmit this 
message of thanks to my own committee, the 
British National Committee. | 

In regard to the conference, it seems to me 
that its suecess has depended on four prin- 
cipal things. First, to have the privilege of 
working in these rooms ; secondly, on the staff 
work of our Secretary General; thirdly, on our 
being able to call upon the staff of he National 
Physical Laboratory as secretaries, Government 
whips, and so on, for our sub-commissions ; 
and finally I think we must single out for 
special mention Dr. Rayner and his family. 
(Applause.) The way in which things have 
gone has reminded me of an analogy with the 
mathematical function of which all points are 
There never appears to have been a 
There has at no 


known. 
discontinuity in the curve. 
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point been а need for extrapolation, the function 
was continuous all the time. (Applause.) It 
wil give me great pleasure to transmit this 
vote of thanks to my own National Committee 
in the near future. 


Dr. Rayner. — 1 thank you, Prof. Appleton. 
During the last few months, and particularly 
during the last week, I have had the great 
pleasure of attempting to be of service to 
others. "That pleasure is increased by kncwing 
that by the aid of other members of the National 
Committee and ladies and friends especially 
Mrs. Appleton and Mrs. Watson-Watt, we have 
not failed. We have endeavoured to show 
you beautiful and historic parts of England. 
We have succeeded in arranging visits, each 
of which will long remain in your memory. We 
have made new friends whom we shall not forget. 
Some of us knew some of you as a result of 
attending previous meetings of the U. R. S. I., 
but many have met you for the first time. We 
thank you for coming. We are sorry that you 
must leave so soon, but we feel that we have 
gained something that we shall never lose the 
acquaintance of friends to whom our little 
services during the past week have been of 
value, and who will long remember this visit 
to London as one of the events of their lives. 


Dr. Eccles. — 1 will call upon Dr. van der Pol 
to propose a motion. 


Dr. van der Pol. — It is my privilege to move 
a vote of thanks to Dr. Eccles, acting President, 
and I do so with the greatest pleasure. I have 
known Dr. Eccles already I think 18 years, and 
not only Dr. Eccles but also Mrs. Eccles. It 
was, I think, in 1916 or 1917 that we had quite 
an interesting discussion in his rooms on what 
we now all regard as very classical work, the 
theory of the propagation of radio waves 
through the atmosphere. And on that occasion 
we planned some experiments to verify this 
classical theory of Dr. Eccles. It was in the 
days of the war and I was working in London, 
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and there were difficulties in obtaining for such 
experiments radio valves. And I remember 
that in Dr. Eccles’ room — he was sitting at 
one side of the table and I at the other — there 
were three valves on the table, and he said to 
а foreigner «take them along». "These were 
the first valves I ever got, and later on, after 
the armistice I went home to Holland, and I 
smuggled those three valves in à pair of socks 
to Holland, or rather out of England. It is a 
great honour for me now to move a vote of 
thanks to Dr. Eccles, acting President. Eve- 
ryone present here is impressed by his wise 
guidance, and I am sure you will all accept this 
motion of thanks to Dr. Eccles. (Applause.) 


Dr. Eccles. — I need say very little in thank- 
ing Dr. van der Pol and the meeting for this kind 
vote of thanks. As Dr. van der Pol says, I 
was in radio when first he came to England 
18 years ago, and even before that. I suppose 
I entered in 1899, which is 35 years ago. And 
it is because I am perhaps the senior of all the 
members of the U. R. S. I. that I was asked to 
step Prof. Kennelly's place. There are very 
few who can be older, but perhaps M. Jouaust 
can date to nearly the same epoch, but as the 
senior member of the U. R. S. I. it was а duty 
to step into the breach. I regard it also as a 
great honour, and if I have been able to carry 
out the work of the President to our satisfaction 
I am extremely glad. The work has been to me 
a very great pleasure, because it has enabled 
me to meet a large number of old friends whom 
I might not otherwise have seen so often this 
week as I have done as President, and it has 
enabled me to make a great many new friends. 
As President one does not need an introduction; 
and therefore I think I have approached most 
of the members of the Congress during the 
past ten days and learned something about 
them. I am very glad to have made so many 
friends in this Congress during the ten days of 
office I have enjoyed. I have to thank Dr. van 
der Pol very much and you, Ladies and Gent- 
lemen, for this vote of thanks. 


104 Union Radio Scientifique Internationale 


Now the last act of our proceedings is to ask 
Dr. Goldschmidt to make a final statement. 
(Applaudissements.) 


Dr. Goldschmidt. — Je ne vais pas faire un 
discours, mais je tiens à adresser des remercie- 
ments à tous ceux qui ont collaboré à la réussite 
de l'Assemblée Générale. S'il y en a parmi eux 


qui ont été oubliés ou trop peu remerciés, qu'ils 
se consolent en pensant qu'ils ont coopéré à un 
travail trés important qui aura une répercussion 
durable pour la science. En terminant je sou- 
haite à PU. R. S. I. «many happy returns ». 
(Applaudissements.) 


Dr. Eccles. — This Congress is now concluded. 
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Résolutions adoptées par l'Assemblée Générale 


Resolutions carried by 


——— 


the General Assembly 


COMITÉS EXÉCUTIF ET FINANCIER 
FINANCIAL AND EXECUTIVE COMMITTEES 


1. — Modifications aux Statuts 
de PU. R. S. I. 


CHAPITRE 1. — Le titre du chapitre : « Objets 
de l'Union et conditions d'admission » devient : 
« Objets de l'Union ». 

L'article 2 : « L'admission d'un pays à l'Union 
est subordonnée aux conditions fixées par les 
statuts du Conseil International de Recherches » 
est supprimé. 


CHAPITRE III. — L'article 7 : « Le Bureau de 
l'Union comprend un Président, des Vice-Pré- 
sidents et un Secrétaire Général élus par l'Assem- 
blée Générale » est complété par le paragraphe 
suivant : « Le Président entre en fonction aprés 
l'Assemblée Générale qui а prononcé son élection 
et y demeure jusqu'à la fin de l'Assemblée 
Générale suivante. Il est immédiatement rééli- 
gible ». 

Le 2? alinéa de l'article 7 : « Tous les Membres 
du Bureau devront appartenir à des nations 
différentes. Ils demeurent en fonction jusqu'à 
la fin de la 2€ Assemblée Générale ordinaire qui 
suit celle de leur élection » est modifié comme 
suit : « Tous les Membres du Bureau devront 
appartenir à des nations différentes. Ils demeu- 
rent en fonction jusqu'à la fin de l’Assemblée, 
Générale ordinaire qui suit celle de leur élec- 
tion ». 


CHAPITRE IV. — L'article 9 : « Le Président 
et les Membres de chacune de ces Commissions 
sont élus par l'Assemblée Générale sur propo- 


1. — Modifications to the Statutes 
of the U. R. S. I. 


CHAPITER I. — The title of the chapter : 
«Objects of the Union and Conditions of 
Admission » to become : « Objects of the Union ». 

Article 2 : « Тће admission of countries to the 
Union shall be subject to the regulation of the 
International Research Council » to be suppres- 
sed. 


CHAPTER III. — Article 7 : « The Bureau of 
the Union shall consist of а President, Vice- 
Presidents and а General Secretary, who shall 
be elected by the General Assembly » to be 
completed by the following paragraph : « The 
President shall hold office after the General 
Assembly by which he has been elected until 
the end of the following ordinary General 
Assembly. He shall be immediately re-eligi- 
ble ». 

Second paragraph of article 7 : « All the mem- 
bers of the Bureau shall have to be from diffe- 
rent countries. They shall hold office until the 
end of the second ordinary General Assembly 
following that of their election » to be changed 
as follows : « All the Members of the Bureau shall 
have to be from different countries. "They shall 
hold office until the end of the ordinary General 
Assembly following that of their election ». 


CHAPTER IV. — Article 9 : « The President 
and the Members of the Commissions are 
elected by the General Assembly on the nomi- 
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sition du Comité Exécutif de l'Union. Ils 
restent en fonctions jusqu'à la fin de l'Assem- 
blée Générale ordinaire suivante et sont rééli- 
gibles » est modifié et complété comme suit : 
« Le Président de chacune de ces Commissions 
est élu par l'Assemblée Générale sur proposition 
du Comité Exécutif de l'Union. Il reste en 
fonction jusqu'à la fin de l'Assemblée Générale 
ordinaire qui suit celle de son élection et est 
immédiatement rééligible. Les Membres des 
Commissions sont désignés par le Comité Exécu- 
tif ». 


CHAPITRE VI. — L'article 14 : L'Union se 
réunit au minimum tous les deux ans en Assem- 
blée Générale» est modifié comme suit 
« L'Union se réunit si possible tous les deux ans 
en Assemblée Générale ». 


CHAPITRE VII. — L'alinéa 5 de l'article 18 : 
«Les protectorats diplomatiques et pays sous 
mandat jouissent du méme droit » est modifié 
et complété comme suit : « Les protectorats 
diplomatiques, pays sous mandat et les colonies 
ayant un budget indépendant, jouissent du 
méme drcit. Leur cotisation sera fixée par le 
Comité Exécutif en tenant compte de leur 
activité scientifique ». 


2. — Nominations 


à la Présidence d' Honneur de l'Union : MM. le 

Dr. W. E. Eccles et le Prof. A. E. Kennelly. 

à la Présidence de l’Union : M. le Prof. E. V. 
Appleton, | 

aux Vice-Présidences de l’Union MM. le 
Dr. J. H. Dellinger, Prof. R. Mesny, Prof. H. 
Nagaoka, Dr. B. van der Pol, 

au Secrétariat-Général de l'Union : 


R. B. Goldschmidt, 


aux Présidences des Commissions : 
Commission I. — Méthodes de Mesures et Eta- 


M. le Dr. 


lonnages : M. le Dr. E. H. Rayner (Grande- 
Bretagne), 
Commission II. — Propagation des Ondes : M. 


le Dr. J. H. Dellinger (Etats-Unis), 
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nation of the Executive Committee of the 
Union. They hold office until the conclusion 
of the ordinary meeting of the General Assembly 
following that of their election, and are re- 
eligible» to be modified and completed as 
follows: « The President of each Commission is 
elected by the General Assembly on the nomi- 
nation of the Executive Committee. He shall 
hold office until the conclusion of the ordinary 
meeting of the General Assembly following that 
of his election, and is re-eligible. The members 
of the Commissions are nominated by the 
Executive Committee ». 


CHAPTER VI. — Article 14 : «The Union 
shall hold an ordinary meeting of the General 
Assembly at least once every two years » to be 
modified as follows : « The Union shall hold an 
ordinary meeting of the General Assembly 
once every two years if possible ». 


CHAPTER VII. — Paragraph 5 of article 18 : 
«The diplomatie protectorates and countries 
under mandate have the same power » to be 
modified as follows : « The diplomatic protecto- 
rates, countries under mandate and colonies 
having their own budget, have the same power. 
Their contributions shall be determined by the 
Executive Committee, owing to their scientifical 
activity ». 


2. — Nominations 


as Honorary Presidents of the Union : Dr E. W. 
Eccles and Prof. A. E. Kennelly, 
as President of the Union : Prof. E. V. Appleton, 


as Vice-Presidents of the Union : Dr. J. H. Del- 
linger, Prof. R. Mesny, Prof. H. Nagaoka, 
Dr. B. van der Pol, 


as General Secretary of the Union : Dr. R. B. 
Goldschmidt, 

as Presidents of Commissions : 

Commission I. — On Measurements and Stan- 


dartisation : Dr. E. H. Rayner (Great-Britain), 


Commission II. — On Radio-Wave Propagation 
Dr. J. H. Dellinger (U. S. A.), 
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Commission III. — Perturbations Atmosphéri- 
ques : M. le Prof. E. V. Appleton (Grande- 
Bretagne), 

Commission IV. — Liaison (Amateurs, Opéra- 
teurs, Praticiens et Sciences Connexes) : N... 

Commission V. — Radiophysique : M. le Dr. 
B. van der Pol (Pays-Bas), 

à la Présidence du Comité Exécutif : 1l est décidé 
que le Président en fonctions présidera le 
Comité Exécutif. 


3. — Représentation de lU. R. S. I. 
auprés d'autres Groupements Scientifiques 


Le Dr. E. H. Rayner est désigné pour repré- 
senter ГО. R. S. I. au sein du Comité des Instru- 
ments et Mesures. 


4. — Fusion des Comités Exécutif 
et Financier 


П est décidé de fusionner en un seul les 
Comité Exécutif et Financier. 


5. — Références Bibliographiques 


Il est décidé de continuer le service des 
Références Bibliographiques sous une forme 
réduite. 


6. — Démarches 


Le Secrétariat Général est chargé : 

а) de poursuivre les démarches en vue de 
l'adhésion de l'Allemagne ; 

b) d'effectuer toutes les démarches nécessaires 
en vue de l'adhésion de nouveaux pays. 


7. — Publication des Comptes-rendus 


Le Secrétariat Général est chargé de publier 
les comptes rendus de l'Assemblée Générale en 
y rapportant les débats, les propositions con- 
crétes des Commissions et le résumé des mémoi- 
res scientifiques présentés à l'Assemblée. 


8. — Gestion Financiére 


L'exposé financier et les comptes des exercices 
1931-1932, 1932-1933, 1933-1934 sont approuvés 
et décharge est donnée au Secrétaire Général de 
ва gestion. Son mandat est renouvelé à l'unani- 
mité. | 
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Commission III. — On Atmospherics : Prof. 
E. V. Appleton (Great-Britain), 

Commission IV. — On Co-operation (Amateurs, 


Operators, Practioners and Connected Scien- 
ces) : N... 

Commission V. — On Radiophysics : Dr. B. van 
der Pol (Holland), 

as President of the Executive Committee : Тће 
holding office President shall be President of 
the Executive Committee. 


3. — Representation of the U. R. S. I. 
by other Scientifical Societies 


Dr. E. H. Rayner is nominated in order to 
represent the U. R. S. I. at the Comité des 
Instruments et Mesures. 


4. — Fusion of the Executive 
and Financial Committees 


The fusion of the Executive and Financial 
Committees in one Committee is decided. 


5. — Bibliographical References 


It is agreed to continue the service of Biblio- 
graphical References in a reduced way. 


6. — Steps to Undertaken 


The General Secretary is required : 

(a) to continue to act in view to obtain the 
adhesion of Germany ; 

(b) to undertake the necessary steps to obtain 
the adhesion of new countries. 


7. — Publication of Accounts 


The General Secretary is required to publish 
the accounts of the General Assembly, coun- 
taining the meetings, the proposals of the Com- 
missions and the summaries of the scientifical 
documents presented to the General Assembly. 


8. — Financial Administration 


The financial statement and the accounts of 
the exercises 1931-1932, 1932-1933, 1933-1934 
are approved and discharge is given to the 
General Secretary of his administration. His 
mandate is unanimously renewed. 
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COMMISSION I 


Sous-Commission 1. — Etalons de Fréquence 
Sub-Commission 1. — Frequencies Standards 


1. Il serait désirable que l'on continue l'étude 
du perfectionnement des appareils destinés à 
maintenir la plus grande constance possible 
dans la fréquence des oscillations. Les méthodes 
expérimentées en vue de la Radio ne peuvent 
manquer d'étre utiles dans d'autres branches 
de la science, telles que l'astronomie et la géo- 
désie. Il conviendrait de développer la collabo- 
ration avec les organisations qui s'intéressent 
à ces questions. 


2. Il conviendrait de continuer les compa- 
raisons d'étalons de fréquence, par des mesures 
de la fréquence des modulations et de l'onde 
porteuse. 


3. Il est à désirer que l'on profite de l'offre 
faite par la station de Rugby qui a une portée 
mondiale, pour effectuer des mesures de fré- 
quence et d'autres expériences de ce genre, 
lorsqu'on entreprend un travail important et 
que l'on peut utiliser des méthodes techniques 
convenables. L'utilisation de cette station pro- 
met de faciliter les travaux géodétiques. 


4. Il conviendrait de continuer la modulation 
simultanée de deux ou plusieurs fréquences 
porteuses par un méme source modulatrice, 
de façon à arriver à une connaissance plus 
approfondie des phénoménes physiques де Ја 
transmission. On devrait effectuer des observa- 
tions simultanées des grandeurs magnétiques. 


9. On recommande d'effectuer des compa- 
raisons internationales des méthodes et des 
appareils de mesure des courants à haute- 
fréquence. 


1. The development of apparatus for the 
maintenance of oscillation frequencies of the 
greatest possible constancy should be continued. 
The methods which have been developed for 
radio purposes cannot fail to be of value for 
other branches of science, such as astromony 
and geodesy; and collaboration with organi- 
sations associated with these subjeots should be 
further developed. 


2. International comparisons of standards of 
frequency should be continued by measurements 
of the modulation frequency and carrier fre- 
quency. 


9. It is desired to take advantage of the offer 
of the Rugby Station with its world wide range 
for frequency measurements and similar pur- 
poses, when important work is in progress and 
suitable technical methods are available. Geo- 
detic work promises to be greatly facilitated 
by its use. 


4. The modulation of two or more carrier 
frequencies simultaneously by the same modu- 
lation source should be continued, to provide 
further knowledge of the physics of radio trans- 
mission. Simultaneous observations of magne- 
tic quantities should be made. 


5. It is recommended that international 
comparisons should be made of methods and 
apparatus for the measurement of current at 
high frequencies. 
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Sous-Commission 2. — Mesure de l'Intensité du Champ 
Sub-Commission 2. — Measurement of Field Strength Intensity 


1. Que PU. R. S. I. continue l'étude des 
méthodes de mesure de l'intensité du champ 
aux radio-fréquences. 


2. Que l'on demande aux différents labora- 
toires nationaux d'établir des étalons d'inten- 
sité du champ et que l'on fasse des démarches 
en vue de la réalisation de comparaisons de 
ces étalons. 


3. Que les valeurs des champs à mesurer et 
les précisions à atteindre dans les appareils 
étalons soient conformes au tableau ci-dessous : 
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plus de 2000 | moins де 150 | 1.0 | + 5.0 |] 106 | + 1 
2000-200 150-1500 |1.0 |+ 5.0|2x109| + 1 
200-60 1500-5000 [1.0 | + 5.0| 105 + 5 
60-10 5000-30.000 | 0.1 | + 20 105 + 5 
moins de 10 |plus de 80.000| 10 | + 20 105 | +10 


4. Que les appareils étalons pour la mesure 
de l'intensité du champ soient dotés d'une 
antenne en boucle pour les longueurs d'onde 
dépassant 15 m., et d'un dipole orientable 
pour les longueurs inférieures à 15 m. Le systéme 
à boucle sera établi de façon à maintenir la 
valeur du champ au centre de la boucle quelle 


que soit sa situation. 


5. Que l'on continue l'étude des hauteurs et 
des longueurs effectives des antennes ouvertes 
et des dipoles. Cette étude est nécessaire pour 
deux motifs : (a) Les connaissances actuelles 
ne justifient pas la spécification de la nature, 


(1) Il conviendrait de conserver les précisions fixées 
pour les champs maxima jusqu'aux valeurs décroissant 
jusqu'à 1000 pV/m. 


1. That the О. R. S. I. continue the study of 
methods of measuring field intensity at radio 
frequencies. 


2. That the severa! national laboratories be 
asked to set up field intensity standards, and 
that steps be taken if possible to make inter- 
comparisons of these. 


3. That the ranges of fields to be measured 
and the accuracies to be aimed at in the stan- 
dard apparatus should be as shown in the 


following table : 
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Above 2000 Below 150 | 1.0 | + 5.0| 106 | + 1 
2000-200 150-1500 |1.0| + 5.0 |2х10% + 1 
200-60 1500-5000 [1.0 [ + 5.0| 105 + 5 
60-10 5000-30.000 | 0.1 | + 20 105 + 5 
Below 10 Above 30.000! 10 | + 20 105 10 


4. That the standard apparatus for the 
measurement of field strength be fitted with 
a loop aerial for wave-lengths exceeding 15 m., 
and with a dipole capable of orientation for 
wave-lengths less than 15 m. The loop appa- 
ratus shall be such as to yield the value of the 
field at the centre of the loop, wherever this 
may be placed. 


5. That the study of the effective heights 
and lengths of open aerials and dipoles be 
continued. This is required for two reasons: 
(a) Present knowledge does not justify speci- 
fication of the nature, dimensions, height above 


(1) 1t is desirable that the accuracies specified above 
for the maximum fields should be maintained for field 
strengths down to 1,000 »V/m. 
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des dimensions, de la hauteur au-dessus du sol, 
ni du mode de couplage du récepteur au dipole 
à utiliser comme il est indiqué au 4; (5) Cer- 
taines discordances dans les résultats de la 
mesure de l'intensité du champ avec des anten- 
nes ouvertes, aux grandes et aux moyennes 
longueurs d'ondes, sont attribuées au manque 
de connaissances exactes de la hauteur effective 
de telles antennes. | 


Union Radio Scientifique Internationale 


ground and manner of coupling to the receiving 
set of the dipole to be used as in 4; (b) Certain 
discrepancies in the results of measurement of 
field strength with open aerials at medium and 
long wave-lengths are attributed to lack of 
precise knowledge of the effective height of 
such aerials. 


COMMISSION II 


Sous-Commission de l'Année Polaire Internationale 


International Polar Year Sub-Commission 


1. Une copie des Instructions concernant le 
Radio-Programme de la Deuxième Année 
Polaire Internationale devrait être conservée 
dans les archives de l’Union. 


2. Une copie de toutes les études relatives 
aux observations radioélectriques faites pendant 
la Deuxième Année Polaire Internationale 
devrait être envoyée au Bureau de la Commission 
Internationale. 


1. А copy of the Instructions issued relating 
to the Radio programme of the Second Interna- 
tional Polar Year should be preserved in the 
archives of the Union. 


2. А copy of all published papers relating to 
Radio observations made during the Second 
International Polar Year should be sent to the 
Bureau of the International Commission. 


Sous-Commission 1. — Mesures de l'Ionopshére 


Sub-Commission 1. — Ionosphere Measurements 


1. Que le terme « Ionosphére » soit adopté 
avec la définition donnée plus bas. 


2. Définition de l'Ionosphére : 

L'Ionosphére est la partie de la haute atmo- 
sphére suffisamment ionisée pour influencer 
la propagation des ondes électro-magnétiques. 


3. Que le terme «région» (et non pas 
« couche ») soit employé en relation avec l'iono- 
sphére. 


4. Que l'expression «group delay » soit uti- 
lisée dans les textes anglais pour désigner le 
temps mis par les signaux pour effectuer le 
trajet aller et retour de l'ionosphére. 


1. That the term « Ionosphere » be adopted 
with the definition given below. 


2. Definition of « Ionosphere » : 

The ionosphere is that part of the upper 
atmosphere which is sufficiently ionised to 
affect the propagation of wireless waves. 


3. That the term « region » (and not « layer ») 
be used in connection with the ionosphere. 


4. That « group delay » be used for the time 
taken by pulse signals in their travel up to and 
down from the ionosphere. 
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5. Que les termes hauteur « virtuelle » ou 
«équivalente » soient utilisés pour désigner 
la moitié du produit du « group delay » par la 
vitesse de la lumiére dans le vide. 


6. Que les symboles suivants soient admis : 
P pour le trajet optique, 
Р' pour le trajet virtuel ou équivalent, 
f pour la fréquence. 


7. Que les recommandations suivantes soient 
faites en vue des enregistrements internationaux 
intéressant l'ionosphére : 


а) Enregistrement de P'-t. 


Sur 3 Mc/s. 

Moments des observations: 16: priorité-jours 
de l?r et 2е ordres (!). Recommandation géné- 
rale : enregistrements continus. 

On recommande également, si possible, la 
détermination de la polarisation. 


b) Enregistrement de P'-f. 

Moments des observations : 
internationaux au midi 
dation générale 
chaque jour. 


Tous les jours 
local. Recomman- 
enregistrements à faire 


c) Enregistrement de P'-f (essais de 24 heures). 


Moments des observations : 4 fois par;an : aux 
solstices et aux équinoxes. Recommandation 
générale : les jours des 3* et 4* ordres. 


d) Enregistrement automatique de P'-f. 


Aucune gamme de fréquences n'est déterminée. 
Les différents pays établiront eux-mémes 
leurs propres fréquences en tenant compte 
de leur latitude. 

Pour l'enregistrement de P’-t, si la fréquence 
де 3 Mc/s. n'est pas utilisable, on pourra effec- 
tuer les mesures soit sur 2 Мејв., soit sur 4 Mc/s., 
soit sur ces deux fréquences. 


8. Que l'on cherche à obtenir l'aecord des 
administrations nationales pour que les émis- 
sions sur 3 Mc/s. soient réservées aux mesures 
internationales de l'ionosphére. 


(1) Voir definition p. 112. 
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5. That the trems « virtual » or « equivalent » 
be used for the product of group delay and the 
velocity of light. 


6. That the following symbols be agreed, viz : 
P for optical path, 
Р' for virtual or equivalent path, 
f for frequency. 


7. That the following recommendations for 
International Ionosphere Recording should be 
made : 

(a) P'-t recording. 

On 3 Mc/s. 

Times of observation : 
2nd order days (!). 
ation : Continuously. 
There was also a recommendation for polari- 

sation discrimination, if possible. 

(b) P'-f recording. 

Times of observation : 
at local noon. 
Daily. 


Ist priority — Ist and 
General recommend- 


All international days 
General recommendation : 


(c) P'-f recording (24 hour tests). 
Times of observation: 4 times per year. Gene- 
ral recommendation : 3rd and 4th order days. 


(d) Automatic P'-f recording. 
No frequency range specified. Different coun- 


tries to settle their own frequency having 
regard to latitude. 


For P’-t recording, if 3 Mc/s. prohibited, 
work may be carried on 2 Mc/s. and or 4 Mc/s. 


8. That authority should be sought from 
national administration for sanction of the use 
of 3 Mc/s. for international ionospheric measu- 
rements. 


————— ———— 


() See definition p. 112. 
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9. Nomenclature. 


Que l'on convienne d'employer les notations 
suivantes pour les fréquences critiques des 
régions de l'ionosphére : 


fey fey Јер Ir. etc. 


Les fréquences critiques des rayons ordinaire 
et extraordinaire seraient représentées par : 


ЇЕ, ЈЕ, etc. 


10. La Sous-Commission préconise également 
la création d'un Comité Permanent s'occupant 
des questions suivantes : | 
а) tenue d'un répertoire des différentes stations 

effectuant des mesures de l'ionosphére, 

b) publication des programmes de travaux, 

c) organisation d'observations spéciales à l'oc- 
casion d'éclipses, de manifestations météo- 
rologiques, etc., 

d) organisation de l'échange des résultats, 

e) collationnement des résultats concernant le 
fonctionnement des circuits radioélectriques 
commerciaux, en vue de leur comparaison 
avec les résultats de l'ionosphére, et 

f) établissement d'un rapport pour la prochaine 
Assemblée Générale. 
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9. Nomenclature. 


That the following terms for critical frequen- 
cies of the regions of the ionosphere be agreed : 


fs, fu, је; fry etc. 


Critical frequencies of ordinary and extra- 
ordinary rays should be denoted thus : 


ft» f. sete. 


10. The Sub-Commission also recommends 
the formation of a Standing Committee with 
the following duties : | 
(a) to keep а register of the different stations 

making ionospheric measurements, 

(b) to issue the agreed programmes of work, 
(c) to arrange special observations on the 
occasions of eclipses, meteoric displays, etc., 


(d) to arrange for the interchange of data, 

(e) to collect data concerning the operation of 
commercial radio circuits for comparison 
with ionospheric data, and 


(f) to report to the next General Assembly. 


ANNEXE. — ADDENDA 


Les journées de јет et 2€ Ordres de priorité 
dont question à la résolution 7, sont analogues 
à celles adoptées pour la Deuxiéme Année 
Polaire Internationale, et elles ont été définies, 
dans la lettre circulaire по P. 1 de la Sous-Com- 
mission de l’Année Polaire en date du 15 février 
1932. Cette définition est la suivante : 

La Journée Internationale est supposée com- 
mencer le mercredi à 1600 T. M. G. pour 
finir le jeudi à 1600 T. M. G. 

Les Journées Internationales de Premier 
Ordre correspondent, chaque mois du calendrier 
du premier mercredi à 1600 T. M. G. au jeudi 
à 1600 T. M. G. 

Les Journées Internationales de Deuxiéme 
Ordre sont celles se présentant quatorze jours 
aprés les Journées de Premier Ordre, telles 
qu'elles ont été définies plus haut. 


The days of first and second Order priority 
referred to in resolution 7 are similar to these 
already adopted in connection with the Second 
International Polar Year, and defined in circular 
letter No. P. 1 of the Polar Year Sub-Commission, 
dated 15th February 1932, viz : 


The International Day is taken as beginning 
at 1600 G. M. T. Wednesday and ending at 
1600 G. M. T. Thursday. 

International Days of the First Order are the 
first incidence in each calendar month of 
1600 G. M. T. Wednesday to 1600 G. M. T. 
Thursday. 

International Days of the second Order are 
those occuring fourteen days after days of the 
First Order, as defined above. 
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Les Journées Internationales de Troisième 
Ordre sont celles prenant place entre les Jour- 
nées Internationales de Premier et Deuxiéme 
Ordres. 

Les Journées Internationales de Quatriéme 
Ordre sont celles se présentant quatorze jours 
aprés les Journées de Troisiéme Ordre telles 
qu'elles ont été définies plus haut. 


Liste des Journées I nternationales de 197 et 
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International Days of the Third Order are 
those occuring between International Days of 
the First and the Second Order. 


International Days of the Fourth Order are 


those occuring fourteen days after Days of the 
Third Order as defined above. 


Last of the 1st and 2md Order International 


2e Ordres. 
Janv. 9/10 
23/24 
Févr. 13/14 
27/28 
Mars 13/14 
21/22 Observation Spéciale de l'Equinoxe 
27/28 
Avr. 10/1] 
. . 24/25 
Mai 8/9 
22/23 
Juin 12/13 
22/23 Observation Spéciale du Solstice 
Juil. 10/11 | 
24/25 
Aoüt 14/15 
28/29 
Sept. 11/12 
23/24 Observation Spéciale de l Equinoxe 
Oct. 9/10 
23/24 
Nov. 13/14 
27/28 
Dec. 11/12 
22/23 Observation Spéciale du Solstice 
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Sub-Commission 


Days. 
Jan. 9/10 
23/24 
Feb. 13/14 
27/28 
Mar. 13/14 
21/22 Special Equinox Observation. 
27/28 
Apr. 10/1] 
24/25 
May 8/9 
22/23 
June 12/13 
22/23 Special Solstice Observation. 
July 10/11 | 
24/25 
Aug. 14/15 
28/29 
Sept. 11/12 
23/24 Special Equinox Observation. 
Oct. 9/10 
23/24 
Nov. 13/14 
27/28 
Dec. 11/12 


22/23 Special Solstice Observation. 


= Taches Solaires 


2. — Sunspots 


]. Que PU. R. S. I. recommande que l'on 
continue l'effort entrepris pour établir les rela- 
tions existantes entre les phénoménes solaires 
et la radio-transmission. 


]. That the U. R. S. 1. recommend continua- 
tion of the effort to correlate solar phenomena 
and radio transmission. 
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2. Que chaque Comité National intéressé 
constitue un Sous-Comité de Propagation, dans 
le but de réaliser dans le pays les autres recom- 
mandations et suggestions établies précédem- 
ment, et cela jusqu'oü le Comité le jugera utile. 
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2. That each Naticnal Committee interested 
appoint а Sub-Committee on propagation for 
the purpose of carrying out in that country the 
remaining recommendations and suggestions pre- 
viously set forth to whatever extent they see fit. 


Sous-Commission 3. — Action Réciproque des Ondes 


Sub-Commission 3. — Interaetion of Radio Waves 


Qu'une Sous-Commission composée de MM. 
Pieault, H. L. Kirke et T. L. Eckersley, soit 
constituée pour préparer et organiser une 
expérience internationale sur l'influence réci- 
proque des ondes; les rapports reçus seraient 
envoyés au Dr. van der Pol pour analyse et 
présentation des résultats. 


That а Sub-Committee be formed, consisting 
of: Mr. Picault, Mr. H. L. Kirke, Mr. T. L. Eckers- 
ley, to devise and arrange an international 
experiment on the interaction of radio waves, 
the reports received to be sent to Dr. van der 
Pol for analysis and presentation of the results. 


Sous-Commission 4. — Eclipses 
Sub-Commission 4. — On Eclipses 


1. Que l’on prépare d'avance pour les éclipses 
futures, des cartes des parcours optiques et 
crépusculaires. 


2. Qu'à l'avenir, la concentration soit faite 
dans la région F,, et que l'on apporte également 
une certaine attention à la région intermédiaire. 


3. Que l'on s'efforce de standardiser la forme 
dans laquelle les résultats seront donnés. 


4. Que le Comité Permanent de Mesures de 
l'Ionosphére dont la constitution est proposée, 
entreprenne l'organisation d'observations spé- 
ciales pendant les éclipses, ainsi que l'action 
à engager auprès des administrations pour 
obtenir l'appui pécuniaire nécessaire pour entre- 
prendre ces observations. 


1. That charts of the optical and corpusculars 
paths for future eclipses should be prepared in 
advance. 


2. That concentration in future should be 
made on region F,, while some attention should 
also be given to the intermediate region. 


3. That attempts be made to standardise the 
form in which results are submitted. 


4. That the proposed Permanent Committee 
on Ionospheric Observations should undertake 
the organisation of special observations during 
eclipses, including the making of application to 
Administrations for the financial grants neces- 
sary to carry out the work. 
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Proposition présentée par le Prof. E. V. Appleton 
Proposed by Prof. E. V. Appleton 


Etant donné la relation établie actuellement 
entre l'activité magnétique et les phénoménes 
anormaux de la radio et étant donné que des 
enregistrements continus des mesures de l'iono- 
sphére sont faits dans diverses parties du monde, 
il est hautement désirable queles valeurs de 
Pactivité magnétique pour des périodes infé- 
rieures à 24 heures soient mesurées par des 
observatoires magnétiques et communiquées 
aux autres chercheurs intéressés. 


That, in view of the connection now estab- 
lished between magnetic activity and abnormal 
radio phenomena, and in view of the fact that 
continuous records of ionospheric measurements 
are now being made in different parts of the 
world, it is highly desirable that values of 
magnetic activity for shorter periods than 
24 hours should be measured by magnetic 
observatories, and made available to other 
interested workers. 


COMMISSION III 


Sous-Commission 1. — Origine des Atmosphériques 
Sub-Commission 1. — Origin of Atmospheries 


1. La Sous-Commission estime qu'une con- 
naissance approfondie de la structure des 
atmosphériques provenant d’orages ou d’autres 
sources serait d’une grande importance pour 
l'interprétation physique des atmosphériques ; 
cette connaissance serait très utile en vue des 
progrès à réaliser et servirait également aux 
applications de la pratique. 


2. La Sous-Commission estime que toutes 
les recherches sur le processus physique des 
décharges des éclairs par des méthodes autres 
que celles de la radio-électricité seraient utiles 
pour l'étude de la nature des atmosphériques. 


3. La Sous-Commission recommande que l’on 
continue à développer autant que possible les 
enregistrements optique et photographique 
des déflagrations des éclairs, de façon à pouvoir 
fournir une base précise pour l’étude du rôle 
de l’éclair comme source d’atmosphériques. 


4. Les observations considérées dans la réso- 
lution 3, qui seraient orientées principalement 
en vue de l’étude des régions de nuages orageux 
intéressées par les décharges des éclairs, 


1. The Sub-Commission is of the opinion that 
full knowledge of the structure of atmospherics 
originating from thunderstorms or from other 
sources would be of extreme value for their 
physical interpretation, and would therefore 
greatly advance science as well as serving 
pratical purposes. 


2. The Sub-Commission is of opinion that all 
investigations on the physical processes in 
lightning discharges by methods other than 
radioelectric methods would be of value in the 
investigation of the nature of atmospherics. 


3. The Sub-Commission recommends that 
optical and photographic recording of lightning 
flashes should be pursued and developed as 
much as possible, in such à way as to furnish a 
precise basis for the study of the role of lightning 
as a source of armospherics. 


4. The observations envisaged in resolution 3 
which would be principally directed to the 
study of the regions of thunderclouds involved 
in lightning discharges and of the time-relations 
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devraient, dans l'esprit de la Sous-Commission, 
étre considérablement amplifiées par l'orga- 
nisation d'observations simultanées des varia- 
tions du champ électrique. 


5. La Sous-Commission estime que les obser- 
vatoires magnétiques répandus dans le monde 
pourraient apporter une contribution impor- 
tante aux recherches statistiques sur les orages, 
en analysant les enregistrements magnétiques 
montrant les effets des éclairs. 


6. Il serait désirable que l'on installe en de 
nombreux points, des appareils pour l'enregis- 
trement de la pente du potentiel ainsi que des 
appareils pour l'enregistrement des points de 
décharge, de fagon à pouvoir comparer les 
variations du champ magnétique aux angles 
d'incidence des atmosphériques. 

Pour de tels enregistrements, on conseille 
l'échelle de 5 mm. pour une minute. 


7. La Sous-Commission estime que l’on devrait 
poursuivre les études relatives au probléme des 
troubles électriques d'origine d'apparence extra- 
terrestre et que l'on devrait commencer des 
observations sur une gamme étendue de fré- 
quences, spécialement de hautes-fréquences, en 
un certain nombre d'endroits des deux hémis- 
phéres. | 


8. La Sous-Commission propose de constituer 
un Comité Permanent comprenant : MM. le 
Prof. Norinder (Président), R. A. Watson-Watt, 
Dr. B. F. J. Schonland,pour attirer l'attention des 
organismes intéressés sur le programme contenu 
dans les résolutions précédentes et présenter à Ја 
prochaine Assemblée Générale de l'Union, un 
rapport sur les travaux effectués dans l'inter- 
valle. 
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of the elements of the discharge would, in the 
Sub-Commission's opinion, be greatly increased 
in value by simultaneous observations of chan- 
ges in the electric field. 


5. The Sub-Commission is of opinion that 
the magnetic observatories throughout the 
world can make important contributions to 
statistical researches on thunderstorms by the 
analysis of magnetic records showing the effects 
of lightning. 


6. That it is desirable that apparatus for 
recording potential gradient and apparatus 
for recording point-discharge be installed at 
numerous places so that the changes in the 
electric field may be compared with the incidence 
of atmospherics. 

А scale of 5 mm.to one minute is recommended 
for such records. 


7. The Sub-Commission is of opinion that 
further studies of the problem of electrical 
disturbances of apparent extra-terrestrial origin 
should be made, and that observations should be 
made over an extended range of frequencies, 
especially higher frequencies, and at à number 
of places in both hemispheres. 


8. That & Standing Committee be appointed 
consisting of : Prof. H. Norinder (President), 
Mr. R. A. Watson-Watt, Dr. B. F. J. Schonland. 
to draw the attention of interested bodies to 
the programme contained in the foregoing 
resolutions and to report at the next Congress 
of the Union on the work which has been done 
in the interval. 


Sous-Commission 2. — Propagation des Atmosphériques 


Sub-Commission 2. — Propagation of Atmospheries 


Га Sous-Commission ayant passé en revue 


The Sub-Commission, having reviewed the 


la distribution dans le monde des stations où distribution throughout the world of the sta- 


des recherches fondamentales sur les atmo- 


tions at which fundamental investigations on 
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sphériques sont effectuées, recommande l'exten- 
sion de ces recherches et principalement leur 
commencement en Afrique et dans l'Amérique 
du Sud. 
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atmospheries are now in progress, recommends 
the extension of such work and its initiation 
in Africa and South America as of especial 
importance. 


Sous-Commission 3. — Mesures des Atmosphériques 
Sub-Commission 3. — Measurements on Atmospherics 


]. Que l'on adopte pour l'enregistrement des 
atmosphériques, approximativement, les fré- 
quences de 12, 24, 27, 60, 90, 300, 1.500, 7.500 
et 20.000 kc/s. La préférence serait donnée à 

27 Кејв. 


2. La Sous-Commission demande la соп- 
stitution d'une Sous-Commission Permanente 
composée de : MM. le Comm. R. Bureau (Pré- 
sident), le Dr. J. Lugeon, R. A. Watson-Watt, 
et chargée d'organiser l'enregistrement des 
atmosphériques, de façon à pouvoir finalement 
déterminer le taux de production des pertur- 
bations électriques dans les diverses régions du 
globe, et ce, à tout moment. 


]. That the series of frequencies of approxi- 
mately 12, 24, 27, 60, 90, 300, 1.500, 7.500 and 
20.000 kc/s. be adopted for the recording of 
atmospherics. Preference should be given to 
recording on 27 kc/s. 


2. The Commission recommends that a Per- 
manent Sub-Commission consisting of Comm. 
R. Bureau (President), Dr. J. Lugeon, Mr. R. A. 
Watson-Watt, be appointed to organise the 
recording of atmospherics in such а way that 
the rate of generation of electrical disturbance 
in all regions of the globe at all times may 
ultimately be determined. 


Sous-Commission 4. — Radiogoniométrie des Atmosphériques 
Sub-Commission 4 — Direction-Finding of Atmospheries 


]. Considérant les résultats déjà obtenus 
par les enregistrements quotidiens par la métho- 
de du secteur étroit, la Sous-Commission estime 
que l'organisation d'un réseau étendu, à larges 
mailles, de radiogoniométres à secteur étroits, 
est pour le moment, un des moyens les plus 
rapides pour améliorer nos connaissances rela- 
tives aux sources des atmosphériques et pour 
permettre une étude plus serrée des relations 
existant entre ces sources et les phénoménes 
météorologiques. 


La Sous-Commission recommande que : 


а) cet enregistrement soit continué dans les 
stations oü il est effectué actuellement et 
qu'il soit repris dans celles оп il a été suspendu. 


]. The Sub-Commission having considered 
the results already obtained in daily recording 
by the narrow-sector method, considers that 
the organisation of an extended network, of 
open mesh, of narrow-sector radiogoniometers 
is at the present moment one of the most rapid 
means for improving our knowledge of the prin- 
cipal sources of atmospherics and permitting а 
more profound study of the relations between 
these sources and meteorological phenomena. 


Тће Sub-Commission recommends that : 


(a) recording should be continued in the stations 
where it is now being carried out and should be 
resumed in those in which it has been suspended. 
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Б) chaque fois que les circonstances le permet- 
tent, de nouvelles stations d'enregistrements 
soient créées, la fréquence de l'onde d'enre- 
gistrement étant d'environ 27 kc/s. 

c) l'échange des résultats soit organisé en 
utilisant soit les services postaux, soit la 
radiotélégraphie. 


2. La Sous-Commission estime que 


a) les observations faites actuellement à l'aide 
de radiogoniométres à rayons cathodiques 
ont une grande importance pour les études 
sur la nature et l'origine des atmosphériques, 
et que les observations de ce caractére 
devraient étre effectuées à l'aide d'un réseau 
étendu à larges mailles. 

b) les installations de ce genre en Allemagne et 
en Suéde ainsi qu'en Afrique et en Amérique 
du Nord seraient d'une importance particu- 
liére. 

c) des observations simultanées devraient étre 


organisées chaque fois que la chose est possi- 
ble. 


3. La Sous-Commission recommande la créa- 
tion d'un Comité Permanent constitué par : 
M. R. A. Watson-Watt (Président), le Comm. 
R. Bureau, le Dr. J. Lugeon, le Prof. H. Norin- 
der, le Dr. B. F. J. Schonland, le Dr. K. W. 
Wagner, le Dr. H. T. Friis; ce Comité aurait 
pour mission de réaliser les propositions rela- 
tives à la radiogoniométrie contenues dans les 
résolutions précédentes et de préparer un rap- 
port à présenter à la prochaine Assemblée 
Générale de PU. R. S. I. 
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(b) whenever circumstances permit new recor- 
ding stations should be created, the frequency 
of the recording wave being about 27 kc/s. 


(c) the exchange of results should be organised 
either by postal or by radiotelegraphic 
means. 


2. The Sub-Commission is of opinion that 


(a) the observations now being made by the 
aid of cathode-ray direction-finders are of 
great importance to studies on the nature 
and origin of atmospheries, and that obser- 
vations of this character should be carried 
out by an extended network of open mesh. 


(b) installations in Germany and Sweden and 
in Africa and North America would be of 
especial value. 


(c) some simultaneous observations should, 
whenever possible, be arranged. 


3. The Sub-Commission recommends that a 
Standing Committee be appointed consisting of : 
Mr. R. A. Watson-Watt (President), Comm. R. 
Bureau, Dr. J. Lugeon, Prof. H. Norinder, 
Dr. B. F. J. Schonland, Dr. K. W. Wagner, 
Dr. H. T. Friis, to give effect to the proposals 
for directional recording contained in the 
foregoing resolutions and to prepare a report 
for the next congress of the Union. 


COMMISSION IV 


Il est à souhaiter que les Comités Nationaux 
qui préparent des Ursigrammes les envoient 
par la poste au Secrétariat Général à Bruxelles, 
celui-ci transmettra mensuellement à tous les 
Comités Nationaux, la série compléte d'Ursi- 
grammes. 


That it appears desirable to request each 
National Committee, which prepare Ursigrams 
to send them by mail to the General Secretary 
at Brussels, who will then transit monthly to 
all the National Committees complete sets of 
the Ursigrams. 
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COMMISSION V 


]. La Commission est désireuse de voir 
procéder à des recherches plus complétes sur 
le mécanisme des oscillations électriques aux 
ultra-hautes fréquences, à l'aide de tubes 
électroniques tels que les oscillateurs Bark- 
hausen-Kurz, Pierret, etc.; elle demande au 
Prof. Mesny et au Dr. Wagner de préparerun 
rapport sur ce sujet pour la prochaine Assemblée 
Générale de lU. R. S. І. 


2. La Commission désire voir étudier la 
propagation des ondes ultra-courtes (celles en- 
dessous de 10 m. par exemple), une telle étude 
comprenant la détermination de l'effet de 


l'atmosphére. Elle demande au Dr. Dellinger 


et à Mr. T. L. Eckesley de préparer un rapport 
sur cette question. 


3. La Commission désire voir pousser l'étude 
théorique et expérimentale des mouvements 
browniens des électrons dans les conducteurs 
et de l'effet de choc dans les tubes thermioniques. 
Elle demande à MM. Llewellyn, Moullin et 
au Dr. van der Pol de préparer un rapport sur 
ces sujets. 


4. La Commission désire voir continuer l'étu- 
de des oscillations non-linéaires et demande au 
Dr. van der Pol de préparer un rapport sur cette 
question. 


5. La Commission d'accord avec la Commis- 
sion II, désire voir continuer les recherches sur 
la théorie de la propagation et de l'absorption 
dans l'atmosphére, ainsi que des conditions dans 
lesquelles la propagation obéit aux lois de 
l'optique géométrique et de celles de ces con- 
ditions pour lesquelles les lois générales de la 
théorie des ondes pourraient étre appliquées. 
La Commission demande à M. Eckersley et au 
Prof. Manneback de préparer un rapport sur 
cette question. 


]. The Commission desires the further inves- 
tigation of the mechanism of generation of 
electrical oscillations of ultra high frequency, 
by means of electronic tubes, for example, 
Barkhausen-Kurz, Pierret oscillators, etc. ; and 
asks Prof. Mesny and Dr. Wagner to prepare 
a report on the subject for the next meeting 
of the U. R. 5. I. 


2. The Commission desires the study of the 
propagation of ultra short waves, (i. e. below 
10 m.) such study to include the determination 
of the effect of the atmosphere; and asks 
Dr. Dellinger and Mr. T. L. Eckersley to er 
a report on the subject. 


3. The Commission desires the further theo- 
retical and experimental study of the Brownians 
movements of electrons in conductors, and of the 
shot effect in thermionic tubes. The Commis- 
sion asks Messrs. Llewellin, Moullin and Dr. van 
der Pol, to prepare a report on those subjects. 


4. The Commission desires the further study 
of the theory of non-linear oscillations, and asks 
Dr. van der Pol to prepare a report on the 
subject. 


5. The Commission jointly with Commis- 
sion II, desires the further investigation of the 
theory of propagation and absorption of waves 
in the atmosphere, and of the conditions under 
which the propagation obeys the laws of geo- 
metrical optics and of those conditions under 
which the general laws of wave theory should 
be applied. The Commission asks Mr. T. L. 
Eckersley and Prof. Manneback to prepare a 
report on the subject. 
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Résumés des Documents 


Abstracts 


Мо 1. — Note sur l’intérêt de sondages continus 
de l'ionosphére par la méthode des radio- 
échos, par M. А. DAUVILLIER. — (Texte 
Complet). 


Le phénomène de la variation diurne de 
l'aurore, polaire et non polaire, recevrait une 
interprétation simple dans l'hypothése d'une 
déformation de l'ionosphére par la pression de 
radiation solaire, causant une sorte de queue 
cométaire cylindrique creuse attachée à la 
Terre. 

Il semble que l'enregistrement continu de la 
hauteur des hautes couches conductrices de 
` l'ionosphére permettrait, en traçant un diagram- 
me polaire statistique dans le plan équatorial 
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(fig. et dans divers paralléles, de déterminer 
la forme des ellipsoides réflecteurs et par suite 
de vérifier l'hypothése ci-dessus. Cet enregis- 
trement devrait, semble-t-il, étre continu durant 
une année et étre effectué simultanément dans 
plusieurs stations de latitudes différentes. 


of Papers 


Мо 2. — Rapport établi par le comité national 
français sur les renseignements que peuvent 
fournir les résultats du trafic, sur les phéno- 
móénes de propagation. 


А la session de Copenhague, l’Union de Radio- 
télégraphie Scientifique Internationale avait 
chargé le Comité National Francais de con- 


centrer les renseignements que pourraient lui 


fournir les administrations et compagnies 
privées françaises sur les résultats du trafic 
et de dépouiller ces renseignements pour en 
tirer toutes conséquences utiles sur la propa- 
gation. 


Ce programme а pu étre exécuté gráce à 
l'obligeance de l'Administration frangaise des 
Télégraphes et de la Cie Générale de Télégraphie 
sans Fil. 


Cette derniére Compagnie a fourni au Comité 
frangais des renseignements sur les fréquences 
utilisées pour les diverses transmissions depuis 
] 929. 

L'état d'esprit qui à présidé à l'examen des 
résultats ainsi fournis était le suivant. Chercher 
si la variation qui s'est produite au voisinage 
de 1930 dans l'activité solaire а entrainé des 
variations dans le mode de propagation des 
diverses fréquences, variations qui auraient 
entrainé la nécessité de modifier la fréquence 
utilisée dans certaines conditions pour assurer 
un certain trafic. 


Aucun résultat concluant n’a pu être tiré 
des renseignements fournis. Dans la majorité 
des cas, les changements de fréquence effectués 
sur une liaison donnée l’étaient pour des raisons 
complètement indépendantes des conditions 
de propagation (nécessité d'éviter un brouillage). 
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Toutefois, il importe de remarquer que tous 
ces résultats se rapportaient à une époque oü se 
développaient les liaisons radioélectriques. On 
peut penser que dans les années qui vont suivre 
on se trouvera en présence d'une situation plus 
stable et qu'on pourra tirer des conséquences 
de résultats comme ceux que nous venons de 
mentionner plus haut. 


En particulier, on pourra peut-étre utiliser 
les renseignements fournis au Comité par PAd- 
ministration française des P. T. T. qui indi- 
querait chaque jour pour une liaison donnée la 
facon dont se comportent diverses fréquences. 


Le Comité frangais pense qu'un représentant 
de l'Administration française des Postes et 
Télégraphes pourra peut-étre donner lors de la 
prochaine réunion de ГО. R. S. I. quelques 
renseignements sur les premiers résultats obte- 
nus. 


L'Administration francaise des Postes et 
Télégraphes a communiqué également au Comité 
français les appréciations journalières de ses 
agents sur les diverses liaisons. Ces appréciations 
sont caractérisées par une note de 0 à 5 et par 
des remarques sur les incidents qui se sont 
produits (brouillages, signal arrivant dans deux 
directions.) 


Là encore, il а été constaté qu'aucune con- 
clusion scientifique ne pourrait étre déduite des 
résultats fournis, les appréciations étant trop 
influencées par des considérations étrangères 
au mécanisme de la propagation. 


Néanmoins cette collaboration entre le Comité 
français et l'Administration des Télégraphes a 
eu quelques résultats fort intéressants. 


C'est ainsi que l'attention de certains mem- 
bres du comité a été attirée sur ce fait qu'à 
certaines heures on recevait de certains postes 
un signal double. Ceci à permis d'organiser des 
expériences dont on a déduit la vitesse appa- 
rente de propagation,. 

L'examen attentif des résultats communiqués 
a montré également que la grande pluie d'étoiles 
filantes avait été sans effet sur la propagation 
des ondes. 
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En résumé le Comité frangais estime que la 
collaboration qu'ont bien voulu lui apporter 
l'Administration francaise des Postes et Télé- 
graphes et la Compagnie Générale de Télégra- 
phie sans fil (!), sans avoir fourni, loin de là, les 
résultats qu'on pouvait en espérer & été plutót 
favorable à son activité. 

Du reste il pense également que dans un laps 
de temps plus ou moins éloigné on pourra 
arriver à tirer parti de l'ensemble des obser- 
vations faites par ces Administrations sur la 
facon dont les diverses fréquences se comportent 
suivant les heures du jour et suivant les saisons. 

]3 mars 1934. 


Мо 3. — Rapport pour la commission de propa- 
gation des ondes, par le Prof. Dr. Jhr. J. G. 
ELIAS. 


Ce rapport est un résumé de différentes 
études concernant la propagation des ondes et 
dont voici les titres : 


A. — THEORIE 


1. Calcul de l'ionisation de l’atmosphère. 
Tijdschv. v. h. Nederl. Radiogenootschap, 2, p. 1, 
1923; 3, p. 1, 1926. — Elektr. Nachr. Techn., 
2, p. 351,1925. — Zeitschr. f. Hochfrequenztechn., 
27, p. 66, 1926. 


2. Calcul de la réflexion par un milieu ayant 
une conductibité et une constante diélectrique 
données par des fonctions exponentielles. Elektr. 
Nach. Techn., 8, p. 4, 1931. 


3. Application du calcul du coefficient de 
réflexion au cas de l'ionisation de l'atmosphére. 
Tijdschr. v. h. Nederl. Radiogenootschap, 5, p. 19, 
1930. — Proceed. Institut of Radio Engineers, 
19, p. 891, 1931. 


B. — EXPERIENCES 


]. Mesure de la réflexion en faisant usage 
des interférences de la radiation directe et des 
rayons réfléchis. Tijdschr. v. h. Nederl. Radio- 
genootschap, 5, p. 133, 1932. — Elektr. Nachr. 
Techn., 10, p. 1, 1933. 


(1) С. Marre, Onde Electrique, aoüt-septembre 1934. 
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2. Mesure de la hauteur de réflexion et 
conclusions concernant le coefficient de recom- 
binaison. Tijdschr. v. h. Nederl. Radiogenoot- 
schap., 6, p. 53, 1933. — Elektr. Nachr. Тесћт., 
10, p. 400, 1933. 


Мо 4.— Report on the work organised on behalf 
of Commission I since the session in Copen- 
hagen 1981, Dr. E. H. Rayner, President 
of the Commission. — (Full text). 


The Commission will, I know, wish me to put 
on record their great regret at the loss which 
we have experienced in the death of Dr. D. W. 
Dye. He had been president of the Commission 
since the meeting in Washington in 1927; and 
his reports and his mastery of the technique 
of radio and other branches of electrical measu- 
rement made him an admirable president. 
To me, who had been his colleague and who 
had been in a position to appreciate his ability 
and achievements for more than 20 years, his 
loss has given the impression of a break in the 
progress of measurement and instruments which 
he had done much to develop. 


At Teddington we are extending the work 
which Dr. Dye commenced ; and I have little 
doubt that greater certainty and precision will 
be achieved, and that new applications will be 
found for methods and equipment which he had 
done much to develop, primarily for radio 
purposes. 


I recognise that it is largely due to the work 
of Dr. Dye and to the position which the Natio- 
nal Physical Laboratory has attained, that I 
have been requested to be president of the 
Commission. This service I have been glad 
to undertake as a recognition of his work and 
of the appreciation of it among the members 
of the Union. 


SUBJECTS CONSIDERED. — The subjects dealt 
with are the development and intercomparison 
of standards of radio frequency and the measu- 


rement of the intensity of а radiating electric 
field. 
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MEASUREMENT OF FREQUENCY. — The most 
important subject which has been under consi- 
deration since the last meeting at Copenhagen, 
has been further developments in the technique 
of the maintenance of constancy of frequency, 
and in the international comparisons of stan- 
dards of frequency. 

The maintenance of standards of radio fre- 
quency is generally regarded as a duty of a 
national laboratory, in some cases as part of 
the work of а general physical laboratory, in 
other cases of a laboratory devoted to radio 
work. 

The verification of the value of a frequency 
in absolute measure requires à knowledge of 
the total number of oscillations in a period of 
time known with sufficient exactness. Periods 
of time determined by the performance of 
pendulum cloks are becoming insufficiently 
precise, and the verification by daily time signals 
is also becoming insufficiently accurate for the 
most perfect types of oscillators now available, 
unless periods cf many days are used, by which 
the effect of errors due to variation of signals 
from day to day may be reduced. This has 
been established in а notable publication by 
A. Scheibe and Adelsberger, of the Physikalisch 
Technische Reichsanstalt, Berlin (!), in which 
it is shown that a quartz oscillator can have a 
stability of 1 part in 200 million for periods of 
few hours and 1 part in 100 million for periods 
of several days. One part in 100 million 
corresponds to 0.001 second a day, a steadiness 
which few cloks can attain, so that a crystal 
oscillator promises to provide new possibilities 
as an accurate divider of time. The fundamen- 
tal observations on which time measurement 
depends are those of stellar transits, and it is 
necessary to take observations at many days 
interval to attain an accuracy necessary to 
verify the performance of the most perfect 
oscillators. 

Scheibe and Adelsberger have recently publish- 
ed another paper giving technical details of the 


(!) Physical Z. S., 33, 835, 1932. 
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latest developments of their quartz oscillator 
equipment. The fundamental frequency 18 
60.000 cycles per second. Frequency dividing 
circuits and à synchronous motor are used for 
obtaining time signals comparable with 1 second 
of time ('). 

A notable paper, describing the researches of 
Dr. Dye on the mode of deformation of the 
surfaces of quartz crystals when resonating to 
the many different frequencies to which they 
will often respond, has been published by the 
Royal Society (?). Another paper on the work 
of Dr. Dye on the measurement of frequency 
has also been published (°). 

A lecture on Dr. Dye’s work on these subjects 
given to the Institution of Electrical Engineers, 
by Dr. E. H. Rayner, has also been published (*). 


USE or A FREQUENCY OF REFERENCE FOR 
INTERNATIONAL COMPARISONS. — For the pur- 
pose of making international comparisons of 
frequency, portable apparatus is no longer used. 
Comparisons are made directly between the 
standard apparatus in different countries by 
means of a frequency of reference. A frequency 
of reference for this purpose must be very steady. 
It may be a radio frequency or an audio frequen- 
cy. 


Use oF RADIO FREQUENCY OF REFERENCE 
FOR INTERNATIONAL COMPARISONS. — Since the 
last meeting at Copenhagen the Bureau of 
Standards has continued the weekly emission 
of a frequency of reference of 5.000.000 cycles 
per second. The power has been increased. 
The nominal accuracy is within ] cycle per 
second. Before the power was increased it 
was impraticable to make use of the emission 
in Europe generally, though it could frequently 
be done at Teddington with some difficulty. 
Since the power was increased there has been nc 
difficulty in making satisfactory measurements 
at Teddington, and on every occasion it has been 


(1) H. F. Tech. и. El. Ak., 43, 37, 19314. 
(2) Proc. Коу. Soc. A., vol. 138, 1, 1931. 
(3) Proc. Roy. Soc. A., vol. 143, 285, 1931. 
(4) J. I. E. E., vol. 72, 519, 1933. 
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practicable to make comparisons with an 
accuracy of about ] part in 100 millions. It 
will be of interest to learn what use can now be 
made of this emission in other countries. 

On one occasion, March 14th, 1934, which 
will be referred to later, the value was found to 
be about 0.6 parts in 10 millions greater than 
the nominal value on about 5,000,000.3 cycles 
per second. 


USE oF A MODULATION FREQUENCY AS A 
FREQUENCY OF REFERENCE. — The use of a 
modulation frequency as a frequency of refe- 
rence has certain advantages. There is a wide 
range of values to choose from, whereas а 
reference emission of a radio frequency is practi- 
cally restricted to one fixed value, depending 
upon the design of the antenna and other 
equipment of the transmitting station. The 
value chosen for the modulation frequency can 
be decided by the general convenience of those 
making use of it. 

There is а large number of organisations which 
have equipment depending on a basic frequency 
of 1,000 cycles per second, governing multi- 
vibrator equipments for obtaining higher values ; 
во that а frequency of 1,000 is а suitable one 
for a reference frequency. It is one which is 
also very convenient for telephonic transmission, 
so that it can be generated at a distance from 
the radio station emitting it. Any convenient 
radio station can be used ; and, if desired, two 
can be used simultaneously. There is по 
necessity for ensuring unusual stability or 
accuracy of the carrier frequency. 

Emissions of this type have been made with 
the cooperation of the British Broadcasting 
Corporation, which has heen most helpful in 
giving this international service. In the most 
recent of these the modulation has been gene- 
rated at the National Physical Laboratory and 
sent by telephone wire to the radio station. 
On two of the last three occasions, June 29th- 
30th, 1932, and December 20th-21st, 1932, a 
fork of 1,000 c/s was used as the frequency 
generator, and the emission was made from 
Daventry on a carrier frequency of 193 kc/s. 
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EMISSION OF JUNE 29TH-30TH, 1932. — A 
letter, dated 18th June, 1932, was circulated 
announcing this emission in the form of a 
modulation frequency of 1,000 c/s, which was 
to be generated at Teddington, and emitted by 
the Daventry station of the British Broadcasting 
Corporation on a carrier wave of 193 kc/s. At 
the end of the period а small change of the 
modulation frequency was made by alteration 
of a condenser in the circuit of the valve driving 
the fork, to enable observers to determine 
whether the local frequency was higher or 
lower than that emitted. 

The programme was as follows : 

2355. Announcements. 

2400-0130. Modulation 1000 c/s. 

0130-0145. Modulation changed about 2 parts 
in a million. 

0145. Announcements. 


The report dated 16th September, 1932, gave 
the following results where absolute values 
could be ascribed to the frequency : 


Maximum Variation 
Parts in a Million 


National Physical La- 


boratory.......... 1000.0001 + 0.0002 
Physikalisch Tech- 

nische Reichsanstalt 

Berlin али 1000.0002 0.3 


Laboratoire National 
de Radioélectricité, 


PAIS ocre 1 000.0001 0.3 
Institut Radiotechnicz- 

ny, Warsaw ..... 999.9997 0.4 
Post Office, Dollis Hill, 

England ......... ] 000.0001 0.2 
Royal Aircraft Esta- 

blishment, England 1000.0000 0.06 


The emission was well received in Rome where 
the local oscillator, a fork, was calibrated, and 
also at other places which were not yet provided 
with primary oscillators. The conclusions were: 

(1) Emissions made after midnight are for 
the most part received sufficiently well in 
European countries for accurate measurements 
to be made. 


(2) Measurements may be made with an 


Union Radio Scientifique Internationale 


accuracy of better than 1 part in а million with 
the use of simple apparatus. 

(3) А good reference standard and a slightly 
more elaborate apparatus enable а comparison 
to be made with an accuracy of 1 part in 
10 millions. 

(4) It appears probable that sufficiently good 
frequency standards could be compared by 
this method with an accuracy of 1 part in 
100 millions. 

The emission of June 29th-30th was one of 
the first attempts at an international compa- 
rison, and want of experience and knowledge 
concerning the most suitable methods of recep- 
tion prevented some receiving stations making 
full use of it. 

А second emission was arranged for December 
20th-21st, 1932, according to а programme 
dated December 8th, and a letter giving an 
account of previous experience and some sugges- 
tions was circulated, dated December 9th. 
Owing to certain stations continuing in opera- 
tion until 0130, the emission commenced an 
hour later than that of the previous one. The 
programme was similar. 


EMISSION or DECEMBER 20тн-215т, 1932. 


0155. Announcements. 

0200-0330. Modulation 1000 c/s. 

0330-0345. Modulation changed about 2.5 parts 
in a million. 

0345-0355. Modulation restored to the original 
value. 

03595. Announcements. 


Several organisations were able to calibrate 
their local oscillators, and the following are 
results where absolute values of the local 
frequency can be determined : 

National Physical Laboratory, Ted- 


CINCOM: usa b wi dob os 999 .9999 
Physikalisch Technische Reichsans- 

talt, Berlin еар ана 999 .9998 
Institut Radiotechniczny, Warsaw 999 . 9999 
Brüsselis «399 eto EE CREER URS '.. 999.999 
Post Office, Dollis Hill, England ... 1000.0004 
Royal Aireraft Establishment, En- 

GIANG, rcr 999 .9999 
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The general results show that when there is 
apparatus available for the determination of the 
local frequency in absolute measure agreement 
to 1 part in 10 million may be expected. The 
weak link in the chain has become the error in 
the absolute determination of time, depending 
upon transit observations and clocks; and 
there can be little doubt that oscillators devised 
primarily for radio work promise to have valua- 
ble applications in this field. 

The stability and precision of oscillation 
generators suggest that these properties may 
have valuable applications in the study of the 
physies of radio propagation, which has been 
confirmed by some of the results obtained on 
the occasion of the emission on March 14th, 
1934. 


EMISSION OF MARCH ] 4TH, 1934. — The third 
emission was made on March ]3th-] 4th, 1934. 
The modulation frequency of 1,000 cycles per 
second of the principal emission from 0200 to 
0330 was generated by a quartz ring oscillator 
of the type devised by Dr. Dye. The main 
emission was supplemented by subsidiary emis- 
sions, one of 15 minutes before and the other 
for 10 minutes after the main emission. They 
were generated by a fork and the frequency 
had a value about 2 parts in a million less than 
that of the main emission. These subsidiary 
emissions were for the purpose of assisting the 
receiving stations to determine whether their 
local frequency was greater or less than the 
main frequency. 

The quartz ring of about 87 mm. mean dia- 
meter has a frequency for radial oscillation of 
20,000 cycles a second. This frequency is 
automatically divided in one stage so as to 
produce a frequency of one-twentieth of its 
value, nominally 1,000 cycles per second ; and 
this frequency was used to modulate the radio 
frequency. The actual value ascribed to it at 
the time by the National Physical Laboratory 
was 1000.0003 cycles per second. The carrier 
frequency of Daventry was 200 kc/s, having 
been changed from 193 kc/s early in 1934. 

The British Broadcasting Corporation kindly 
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offreed to use another station simultaneously, 
since it might prove more effective for some 
receiving areas. Advantage was taken of this 
suggestion. It promised to provide in addition 
an opportunity for acquiring information of а 
physical character. As а result of enquiries 
from possible observers the London Regional 
Station, 877 kc/s, was chosen. Suggestions 
for physical observations were circulated, dated 
2nd March 1934, including the use of a cathode 
ray oscillograph operated by the modulation 
frequency as received by the two carrier waves 
simultaneously. 


RESULT OF FREQUENCY MEASUREMENTS, 

MARCH 141TH, 1934. 

The programme was as follows : 

0130-0145. Announcements from London in 
English, French and German, 
that the preliminary frequency 
would be 999.9984 p/s and that 
the main frequency would be 
1000.0003 p/s. 


0145-0200. Preliminary emission 999.9984 p/s. 


0200-0330. Main emission 1000.0003. 
0330-0340. Final emission 999.9980. 
0340-0400. Announcements repeating the va- 


lues of the preliminary and main 
emissions and adding the value 
of the third. 

The reports which were received later showed 
that the agreement between the establishments 
which are equipped with apparatus for the 
measurement of frequency in absolute measure 
was very satisfactory. The values assigned to 
the frequency by Teddington (National Phy- 
sical Laboratory), Paris (Laboratoire National 
de Radioélectricité), Berlin (Physikalisch Tech- 
nische Reichsanstalt) and Brussels (Union Inter- 
nationale de Radiodiffusion) were identical to 
the 10 millionth figure with the value 1000. 
0003, announced at the time of the emission. 
(If an additional significant figure had been 
given bv the National Physical Laboratory, the 
value would have been 1000 .00031 ). 


France. — The report from Paris gave а 
value of 1000.0003 using Daventry, as a result 
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of 60 measurements with a maximum dispersion 


of + 0.0004. 


Germany. — The Physikalisch Technische 
Reichsanstalt, Berlin, gave a value of 1000. 
00030 based on а value of 998.80512 of the 
local oscillator. Тће time was divided into 
27 periods of ahout 3 minutes each, the average 
frequency for each period being recorded. 
London was used for about an hour and Daven- 
try for half an hour. The unsteadiness of the 
local beat frequency was about 3 times as great 
with London as with Daventry, a result which 
corresponds with the physical observations. 


Belgium. — At Brussels the frequency was 
found to have a value of 1000.0003 using 
Daventry. А phonic motor was driven at 
1000 c/s by the modulation frequency. Owing 
to the method of comparison used the probable 
error + 0.00015 is somewhat larger than in 
other establishments, and it is proposed to 
inerease the accuracy of comparison by simple 
methods. The results show, however, that 
the synchronous motor kept in step with the 
modulation frequency, probably without mis- 
sing one cycle in the period of 514 millions cycles 
of the emission. The effect of an error of one 
cycle would have altered the value 1000.0003 
by one or two units in the last significant 
figure. A warning had been circulated concer- 
ning this method of measurement, since an 
atmospheric disturbance might have given rise 
to an error due to temporary failure of synchro- 
nisation. Experience showed that on this 
occasion nc such trouble occured over the 
distance Daventry-Brussels, 440 km, using a 
carrier frequency of 200 kc/s. 


Holland. — Тће value found at the National 
Radio Laboratory of Holland was 1000.0002, 
a value 0.0001 less than 1000.0003 mentioned 
previously. The value, however, was subject 
to possible alteration when the correction to 
time signals became available. The method 
used was to generate the 10th harmonic of the 
modulation frequency and to compare it with 
a local standard of 10 ke/s. 
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Sweden. — Тһе Radio Department of the 
Board of Telegraphs were able to calibrate their 
local standard, а fork of 1000 p/s. They were 
also able to make а comparison with the standar- 
dising frequency of the Bureau of Standards, 
Washington, immediately after the emission 
from the National Physical Laboratory. Two 
values of the frequency of their fork were obtain- 
ed; one on the assumption that the frequency 
from the National Physical Laboratory was 
1000.0003, and the other that the frequency 
from the Bureau of Standards was 5,000,000. 
The two values were identical at 1000.1 235. 


Denmark. — Measurements were made in 
Denmark. During the first period the interval 
for one beat was 123 seconds, so that the local 
frequency was 0.0081] above or below 999.9984. 
During the second period the interval for 1 beat 
was 160 seconds, the frequency being 0.0062 
above or below 1000.0003. The values indicate 
that the local frequency is higher than the 
modulation frequency ; the value deduced from 
each period being 1000.0065. 


Poland. — The measurements at Warsaw 
were not in such good agreement as on a pre- 
vious occasion, the local oscillator showed a 
slcw change and indicated that the modulation 
frequency was about ] part in a million less 
than the value 1000.0003. 


Italy. — Тће standard apparatus in Rome 
was being reconstructed, and the emission was 
used to calibrate а secondary standard. 


Czekoslovakia. — 'The emission was used to 
calibrate the local apparatus which was recently 
installed. The accuracy of measurement was 
0.2 in a million and agreed with the Rugby 
time signals. The Daventry signals were too 
much disturbed by atmospheries, for measu- 
rements to be made. London was much better ; 
an anti-fading device was used. The use of 
two carrier frequencies was found to facilitate 
the measurements. 

Russia. — Тће emission from Daventry was 
received well in Moscow, and it was found 
possible to investigate the effect on the change 
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of frequency of the local oscillator, а fork, by Stockholm, Frequency of local oscillator 
alteration of driving conditions. The value 1000.1235 (Assuming B. of 5. value 
found for the main emission was 999.9998. 5000 .000). 


America. — No reception was practicable in 
America. Atmospheric disturbances were repor- 
ted to be prevalent at the Bureau of Standards. 
The regular standardising emission from the 
Bureau of Standards, which was emitted imme- 
diately after the European measurements, was 
received satisfactorily at Teddington and Stock- 
holm. 


EMISSION FROM THE BUREAU OF STANDARDS, 
WasHINGTON. — The frequency of reference 
emitted by the Bureau of Standards was measur- 
ed at Teddington during the period 0400 to 
0500 immediately after the completion of the 
international reference emission of March 14th. 
The average value assigned to the frequency by 
the National Physical Laboratory was 
5,000,000.3 c/s. About 130 measurements 
were made of the beat frequency at the 5,000kc/s 
level. The same reference standard of 20 kc/s 
was used at Teddington, as had been used to 
produce the modulation for the emission from 
Daventry and London from 0200 to 0330. 


SUMMARY. — The following is a summary of 
the principal results obtained on the occasion 
of the emission of March 14th 1934. Emission 
of 1.000 c/s from 0200 to 0330 from Daventry 
and London Regional. Modulation produced 
at the N. P. L. from a quartz ring oscillator of 
20.000 c/s divided automatically down to 
] 000 c/s. 

Values ascribed to the Modulation Frequency. 


National Physical Laboratory 1000 .00031 
Berlin; P. T. Rise. scabs 1000 .00030 
Paris Lab. Nat. Rad. ........... 1000 .0003 
Brussels Broadcasting Union..... ] 000 .0003 
FLOM ANIC, i ba osa hie ah ann aan eae .. 1000.0002 


Czekoslovakia, local oscillator calibrated, agreed 
with value from Rugby. Time signals to 
0.2 in a million. Calibrations of local oscillators 
made in Denmark, Italy, Russia. 

Stockholm, Frequency of local oscillator 
1000.1235 (Assuming N. P. L. value 
1000 .0003). 


B. of S. (Washington) Emission of 5000 .000 c/s. 
Value ascribed at N. P. L. 5000.000.3 c/s. · 


USE or TWO CARRIER FREQUENCIES Mopu- 
LATED BY THE SAME FREQUENCY SIMULTA- 
NEOUSLY. — The modulation of two stations 
simultaneously on Mareh 14th afforded an 
opportunity fcr observations of a physica] 
character. Suggestions that a cathode ray 
oscillograph might be used to record the two 
modulations simultaneously were made in a 
letter circulated on March 2nd. | 

Owing to the difference in lenght of telephone 
line and to the separation of the stations 
(London Regional, 877 kc/s ; Daventry 200 kc/s) 
which was about 90 kilometres, the figure at any 
receiving station described by the cathode ray 
actuated by the two modulation frequencies 
would be in general an ellipse. There would 
be in addition an effect due to difference in, 
type of radio path of the two carrier frequencies. 


Dublin. — Records were made of the cathode 
ray diagram every minute for 115 hours (Lon- 
don, vertical — Daventry, horizontal) Two 
similar commercial receivers were used. The 
form of the diagram frequently changed with 
great rapidity, and the drawings only suggested 
predominant types. The commonest shape 
was an ellipse with a major axis about twice the 
size of the minor axis. The ellipse varied 
between a circle and a straight line, the latter 
being sometimes inclined, and becoming hori- 
zontal when the London station was very weak. 
Under such conditions a figure of eight diagram 
seemed to be produced, but this may possibly 
have been associated with the want of sensitivity 
of oscillograph in the region of zero amplitude. 
Measurements were also made at intervals of a 
minute of the horizontal (Daventry) and the 
vertical (London) amplitudes of the displace- 
ment of the cathode beam. These indicated 
that the Daventry amplitude was much steadier 
than that of London, though the record shows 
a ratio of about 2 to 1 between the maximum 
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and minimum during the period of 115 hours, 


London being of the order of 20 to J. No 
measurements of frequency were made. 
Paris. — Cathode ray observations were also 


made in Paris (London, vertical; Daventry, 
horizontal), observations being made generally 
every minute and sometimes every 10 seconds. 
An elliptical form was common, the intensity 
of Daventry being less variable than that of 
London. When the amplitudes were adjusted 
to equality the ellipse was usually about twice 
as long as wide, corresponding to а phase angle 
of 509 to 609. Sometimes it changed to a 
straight line at an angle from 309 to 809 with 
the horizontal. Sometimes it became circular. 
At some periods changes of form were slow, and 
at others very rapid. On these occasions 
indications of frequency doubling was quite 
distinct, figures of 8 being formed at various 
inclinations, and sometimes with a considerable 
difference in the sizes of the two loops. At 
various times the figures are described as 
« brouillée », too indistinct and variable to be 
reproducible. Rapid variations and rapid rota- 
tion of the figures was noted for considerable 
periods, and at other times a relatively stable 
form occured. On the whole the period 
from 0145 to 0250 was less disturbed than after 
0250, which seems to have been the case in 
Dublin. А short period stability was reported 
for two minutes at 0320. 

Berlin. — In Berlin the unsteadiness of the 
modulation frequency was much more marked 
from the London station than from Daventry, 
and observations with a cathode ray oscillograph 
showed that the fading from London was much 
more pronounced, and that when the London 
station faded nearly to zero the phase of the 
beat frequency between it an the local standard 
might change up to 1809, rendering frequency 
measurements impracticable at such times. 

Rome. — Similar cathode ray observations 
were made in Rome. It was found, however, 
that the amount of amplification required 
resulted in the production of appreciable dis- 
tortion in the voltage applied to the oscillograph, 
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so that the results were not sufficiently accurate 
to provide any definite conclusions. The expe- 
rience indicated the procedure to follow to 
effect improvements on future occasions. 


Cambridge. — Observations were made at 
Cambridge by a cathode ray oscillograph on 
the modulations received from Daventry and 
London. The diagram described by the ray 
was nearly circular, indicating a phase difference 
of approximately 909. Owing to the proximity 
of the two stations there was no appreciable 
change in the figure described. There was, 
however, а rapid doubling or even trebling of the 
vertical parts of the circle, indicating a slight 
variability in the amplitude from Daventry. 
London produced a vertical and Daventry a 
horizontal displacement. | 

It is not certain whether the effect is of an 
instrumental character or whether it is a 
definite physical phenomenon. It changed to 
the horizontal part of the figure when Daventry 
and London were interchanged by rotating the 
frame aerials used for reception. 


DROITWICH RADIO STATION. — It may be 
noted that the now Droitwich Station of the 
B. B. C., about 65 km west of Daventry, is 
expected to be in operation before the end of the 
It will take the place of Daventry as 
It wil have 


year. 
regards emissions at 200 kc/s. 
about three times the power. 


GENERAL RESULT. — The general result is 
that agreement between organisations in several 
countries to a few parts in ]00 millions can be 
attained, when absolute methods are available 
for the determination of the value of the fre- 
quency of the local standard. The accuracy 
is limited by small errors in time measurement, 
depending upon clocks and astronomical obser- 
vations, and upon the errors due to the process 
of determining the number of oscillations in 
the time interval. 

The irregularities in the absolute measu- 
rement of time and its distribution necessitate 
periods of several days to be used in order to 
reduce the errors to a sufficiently low value for 
verifying the performance of the best oscilla- 


Union Radio Scientifique Internationale 


tors. It is also essential that great stability 
of frequency of oscillators shall be attained for 
lengthy periods when measurements to ] part 
in JO millions or ] part in 100 millions are 
required. 

USE oF A MODULATION FREQUENCY. — The 
intercomparison of apparatus used for stan- 
dards of radio frequency can be very success- 
fully carried out by emitting а frequency of 
reference of à convenient value as a modulation 
of a carrier wave. In a time interval of about 
90 minutes an accuracy of ] part in ten million 
can be attained, and there is good evidence 
that a higher accuracy is obtainable. At a 
distance from the sending station the effect of 
the radio path is to give rise to slight frequency 
modulation. In the period of 90 minutes the 
total effect of this has not prevented an accuracy 
of ] in ten millions being attained, if fading is 
not serious. This subject is referred to later. 

The modulation will operate à phonic motor 
satisfactorily at а distance of 440 km., using 
a carrier frequency of 200 kilocycles a second. 

Any convenient modulation frequency can 
be used and the carrier frequency need not have 
great constancy. 


Use оғ A Rapio FREQUENCY. — If inter- 
comparison is carried out by a radio frequency 
and the measurements are made in a similar 
manner, by beats, the same proportional acçu- 
racy of comparison may be obtained in à much 
shorter time. Ап important requirement is that 
the two frequencies must be nearly equal. A 
beat frequency of 2 to 4 per second has been 
found suitable when making comparisons of the 
emission of 5,000,000 cycles per second of the 
Bureau of Standards at Teddington. If the 
beat frequency is longer than this it may become 
indefinite on account of fading. If it is shorter 
it is difficult to count. 

Experience shows that, by choosing suitable 
periods of a few seconds in which to count the 
beats, satisfactory results can be obtained; 
while fading and other irregularities make 
impracticable longer periods for counting or 
recording the beat frequency. It has been 


129 


found practicable to make about 50 measure- 
ments during an observational period under 
these conditions, agreeing among themselves 
within ] part in 100 millions. 

The use of a radio frequency limits the fre- 
quency to one value, depending of the equip- 
ment of the sending station, and the standard 
equipment has to be so arranged as to control 
very closely the emitted frequency either 
automatically or by hand. 


INFLUENCE OF INTERVENING MEDIUM ON THE 
ACCURACY AVAILABLE. — The effect of the 
intervening ‘medium, however, must be consi- 
dered when the highest accuracy available is 
required. А modulation frequency, of cons- 
tant value when emitted, may acquire unstea- 
diness on the way to the receiving station and 
over the range of frequency of 200 to 900 kc/s 
the unsteadiness will increase with distance 
and with increase of the frequency of the carrier 
wave. Unsteadiness is associated with fading ; 
and the phase alterations indicate considerable 
and rapid changes of effective path between 
transmitter and receiver. 

The results show that using the carrier 
frequency from London the modulation fre- 
quency was at times subject to unsteadiness 
and fading to such an extent that measurements 
were untrustworthy, except at intervals of 
relative steadiness. Rapid changes of the phase 
difference of the modulation frequency received 
from London and Daventry were observed in 
Dublin, Paris, Berlin and Rome; and, when 
using the London emission at Berlin, it was not 
possible at these times to correlate the instants 
of beats of the modulation wave with the local 
oscillator before and after such fading periods. 
А change of phase of the beat frequency up to 
half a period was occasionally noted. 

The experience of March 14th shows that 
taking into account the method aud distances 
of observing stations, it is necessary, when the 
highest accuracy is required, to use a carrier 
frequency which is sufficiently low to be free 
from serious fading, and which is more likely 
to follow the same path for a period of an hour 
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or more than a carrier frequency of higher value 
which is liable to appreciable fading or unstea 
diness. 

Though the path of а low carrier frequency 
is less variable, and the modulation may be 
free from detectable unsteadiness and serious 
fading, there is no certainty that its path may not 
change slowly and measurably during the 
period of measurement. This would result in 
a difference between the number of modulations 
emitted and those receved. А change of path 
of 10 kilometres between the beginning and end 
of an emission, would have the effect of the 
change of 1/30th of à cycle of a modulation of 
1,000 c/s. This is quite а measurable quantity, 
and in & period of 90 minutes, 5,400,000 oscil- 
lations, the error caused by it would be ] part in 
.160 millions, а quantity which is becoming 
significant. 


GENERAL CONCLUSIONS. — The results recor- 
ded in this report indicate a notable technical 
achievement. The constancy and accuracy 
of apparatus in use for the measurement of 
radio frequency has reached a standard which 
would hardly have been thought possible a few 
years ago. The constancy of frequency of 
oscillators depending upon mass and stiffness 
compares favourably with that of pendulums. 
А constancy of operation corresponding to less 
than a second in a year is now available, and 
only requires an adequate constancy of tem- 
perature, pressure, power supply, etc. to make 
it effective. 

It is interesting to note that the frequency 
of the oscillators which have been successfully 
developed is of a different order from that of the 
common pendulum, being usually 1000 to 
]00,000 times as great. 

The perfection of stiffness oscillators as 
time-dividing instruments cannot fail to make 
them of value for other purpose such as astro- 
nomy and geodesy. The possibilities of fre- 
quency multiplication and division afford an 
elasticity of utilisation of a unique character. 
From any suitable primary frequency a great 
range of secondary frequencies can be developed 
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automatically, and any one of them can be chosen 
to suit the type of phenomenon which is being 
studied. 


For instance from a frequency of 100,000 
exact submultiples such as 10,000, 5,000, 1,000, 
100, 10 and ] or intermediate values, can be 
obtained as desired. 


А number of such frequencies can be obtained 
simultaneously. They can be obtained inter- 
mittently for a few seconds every minute or 
hour or day, without losing continuity due to 
their omission in the intervals. Several diffe- 
rent frequencies can be provided for short 
periods every minute in succession and repeated 
from minute to minute. 

Finally a wide range of them can be generated 
at any suitable establishment and can be 
transmitted by telephone wire or by radio. Any 
number of observers can make use of the same 
time service simultaneously. 


These developments indicate that there are 
great possibilities of adapting methods and 
apparatus devised for radio purposes to other 
branches of science. It is hoped that the 
work and influence of the Union will be of 
material value in assisting progress in these 
directions 


The development of the use of oscillators 
having frequencies of а small fraction of a 
second promises to lead to the greater use of 
oscillographs for delineating and recording the 
time of events. The cathode ray type provides 
without difficulty a resolving power of a fraction 
of a microsecond. 
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PROPOSALS FOR Discussion. — At the meeting 
of the Commission in September it is proposed 
to discuss what further work on these lines is 
desirable, including the assistance which radio 
methods can give to other branches of science. 

The utilisation of « centimetre » waves, i. e., 
of a wave length from 10 to 100 cms., will be 
facilitated if they can be produced with great 
stability of frequency and accuracy. This 
subject is also proposed. for discussion. 

I shall be glad to receive any information or 
suggestions on these or other subjects which 
may be useful for the work of the Commission. 


MEASUREMENT OF THE INTENSITY OF RADIA- 
TION. — In accordance with the resolution of the 
session at Copenhagen, it was decided that 
information should be collected on the measu- 
rement of the intensity of electric radiation. 
The late Dr. Dye offered the services of Com- 
mission I for the purpose. Since his death a 
questionnaire has been circulated by Great 
Britain, а copy of which is given as an appendix 
to this report. А satisfactory number of 
replies has been received. The analysis of 
these is in progress, and a report will be circu- 
lated in due course. А bibliography was circu- 
lated with the questionnaire. This will be 
amplified and reproduced in the report, and is 
not reproduced here. | 

June 6th 1934. 


Questionnaires on the Measurement 
of Field Intensity 


At the general meeting of Commission I of the 
U. R. S. I. Assembly in Copenhagen in 1981, it was 
agreed that information should be collected relating 
to methods of measuring the intensity of electric fields 
at radio frequencies. The late Dr. D. W. Dye, 
President of Commission I, undertook, on behalf of 
the British National Committee, the collection of this 
information and the preparation of a summarising 
report on the subject. It is now requested that you 
will be good enough to assist the British National 
Committee in this undertaking by supplying the 
information which you have available, either in the 
form of answers to the questions contained in the 
following questionnaire or as a separate memoran- 
dum, or, preferably, in both forms. Replies should be 


sent to Mr. R. A. Watson Watt, The National Physical 
Laboratory, Teddington, Middlesex, England, and it 
would facilitate the work of the Committe if answers 
could be made to reach him on December 15th, 1933, 
or earlier if practicable. 


Name : 
Address : 
Representing : 


1. What do you understand by the statement that 
the field intensity at a point X due to a transmitter 
at Y is Z volts per metre ? Is your use or interpreta- 
tion of the term normally applicable only to the 
vertical or horizontal component of the electric field? 

2. Have you previously engaged or do you regu- 
larly engage in the measurement of radio field inten- 
sity ? If so, for what general purposes ? 

3. Do your measurement of field intensity refer to 
the value at the earth's surface or at some height 
above it ? If the latter at what height 7 

4. What ranges of frequency and of field intensity 
are covered by the apparatus you employ ? Over 
what distances between transmitter and receiver are 
the measurements normally conducted? 

5. On what types of emission does your apparatus 
work (a) unmodulated continuous wave ; (b) « keyed » 
continuous wave; (c) telephony ; (d) « keyed » inter- 
rupted continuous wave or spark; (e) any other 
tvpe ? 

6. Has a description of the method you use been 
published ? If so, give reference and, if possible, 
attach a reprint.— If not, please attach a description, 
with diagrams and photographs, if available, to this 
document. 

7. Does the method employ a closed loop or an 
open aerial for receving the electrie force to be 
measured ? 

8. Have you made any comparison between mea- 
surements obtained on the same signal with closed 
loop and open aerial respectively ? If so, please 
give full details of the results obtained, including 
the effect of frames or aerials of different sizes. 

9. How is the electric field intensity calculated 
from the electromotive force induced in the particular 
aerial system used ? 

10. What order of amplification is employed in the 
measuring apparatus (a) at the signal frequency and 
(b) at any other frequencies ? 

11. What form of indication is used in the apparatus 
and to what accuracy can this be read ? 

12. How is the calibration of the whole apparatus 
carried out to ascertain the meaning of the indica- 
tions ? What type of attenuation is employed and 
how is its calibration verified for the frequency used ? 
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18. What precautions are taken to screen the com- 
ponent parts of the apparatus as, for example, to 
avoid « antenna » effect with closed loops ? 

14. What is considered to be the overall accuracy 
of the apparatus ? Upon what information is the 
answer based ? 

15. What accuracy do you consider to be necessary 
in order to meet the objective in your investigation ? 

16. Have any comparative checks been carried out 
at any time with the other methods of measuring 
field intensity ? If so, give details. 

17. Are you acquainted with any apparatus or 
method of measuring field intensity which you know 
to be superior to that which you are using? Give 
details. 

18. Is your apparatus suitable for use (a) in a fixed 
position on land; (b)in a mobile position on land; 
(с) at sea; (d) in aircraft 7 

19. Has the effect of the proximity of the earth 
on the indications of the apparatus been investigated 
or considered ? If so, what was the result 7 

20. (A skeleton list of publisehd papers on the 
subject is attached. Please suggest additions or correc- 
tions to,or deletions from, this list so that an authori- 
tative list may be appended to the British Commit- 
tee's report). This will be circulated later. 

21. If you have any further information or com- 
ments on this subject which you think would be 
of use or interest, please add them to your reply. 
In particular, please suggest any supplementary 
questions which should be added to the present ques- 
tionnaire. 


N? 5. — Report on radio wave observations made 
at Angmagssalik by the Dutch expedition 
during the International Polar Year 1932-1933 
by J. А. de BRUINE. 


A. — Observations on the Ionisation of the 
Upper Atmosphere. — А wavelength of 75 meters 
was used to measure the effective height of the 
ionised regions, and the following results were 
gained : 

(a) There are two intervals of main reflections: 
from 100-200 km and from 300-450 km ; reflec- 
tions at an effective height below 100 km were 
never observed with surety. 

(b) In spring and in summer the number of 
reflections apart from the height increases. 

(c) Reflections at an effective height below 
200 km occur chiefly by night. 


(d) The mean distribution of the reflections 
over the hours of a day shows a distinct maxi- 
mum at about 20h local mean time. 

(e) The mean distribution of the Magnetic 
Activity shows a distinct maximum at about 
the same time. 

From the continuous records of the effective 
height the following conclusions may be drawn : 

(a) At Angmagssalik reflection as well by 
day as by night is most frequently recorded at 
an effective height from 300-450 km. The 
records of this layer show the same character 
as those of the layer appearing in Delft only 
during night-time. 

(b) A less frequently appearing layer was 
observed at an effective height of about 150 km. 

Both layers are probably due to ionisation 
of the upper atmosphere by charged particles, 

B. — The following conclusions may be 
drawn from the observatious on the signal 
strength of several short wave transmitting 
stations. 

The reception of the 75 metre wave from 
Paris was better in winter than in summer and 
by night better than during day-time. For 
the wave lengths between about 40 m. and 25 m. 
the conditions of reflection were just opposite. 
The transmitting station at Tokyo working 
on а wavelength of 25 m. was heard rather 
regularly in winter as well as in summer (1). 

Delft, December 1934. 


Мо 6. — The nature of the solar radiation and 
the composition of the high atmosphere, by 
Prof. S. CHAPMAN. 


Мо 7. — Publications on radio wave propagation 
in « The report of radio research in Japan «. 


Propagation of wireless-wave, H. Nagaoka 
(Vol. 1, N° 1). 


(!) An extensive report on the observations will appear 
soon in the Tijdschrift van het Nederlandsch Radioge- 
nootschap. 
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On the propagation of the short waves, 
C. Anazawa, M. Asukai, M. Hattori, T. Hayasi, 
T. Minohara, T. Nakagami, O. Tanaka, K. Tani 
and E. Yokoyama (Vol. 1, Мо 1). 

Polarization phenomena of low-frequency 
waves, S. Namba (Vol. 1, N? 1). 

Polarization of high-frequency waves and 
their direction finding, S. Namba, E. Iso and 
S. Ueno (Vol. 1, N? 1). 

Variation of bearing observed in short-wave 
direction-finding, M. Asukai and T. Hayasi 
(Vol. 1, N? 1). 

Echo signal in Japan, T. Minohara, T. Inoue 
and S. Ono (Vol. 1, Мо 1). 

Propagation of the broadcasting waves in 
Japan, Y. Takata and Y. Ito (Vol. 1, N?1). 

Radio telephony by ultra short waves, S. Uda 
(Vol. 1, Мо 2). 

Duplex radio telephony on few metres waves 
between ship and shore, S. Uda (Vol. 2, Мо 1). 

Long-distance receiving measurements of 
broadcast wave across the Расте, S. Namba and 
D. Higara (Vol. 2, Мо 1). 

Measurements of the height of the Kennelly- 
Heaviside layer in Japan, T. Minohara and 
Y. Ito (Vol. 2, N? 1). 

Polar echo of high-frequency radio waves, 9. 
Namba (Vol. 2, N° 1). 

Effect of meteors on radio transmission, H. 
Nagaoka (Vol.2, Мо 1). 

Communication tests for radio telephony by 
means of ultra short waves between Niigata and 
Sado, S. Uda (Vol. 2, N? 1). 

Theory on the propagation of low-frequency 
waves, E. Yokoyama and 5. Namba (Vol.2, 
No 2). 

А general theory of the propagation of radio 
waves in the ionized layer of the upper atmo- 
sphere, S. Namba (Vol. 2, Мо 3). 

Some long-distance transmission phenomena 
of low-frequency waves, E. Yokoyama and 
I. Tanimura (Vol. 2, N? 3). 

Experiments on the ultra-high-frequency 
communications, T. Nakai, R. Kimura and 
S. Ueno (Vol. 3, N? 1). 

Field strength measurements and directional 


observations of short waves, T. Nakai (Vol.3, 
Мо 1). 

Field strength measurements and directional 
observations of high-frequency radio waves at 
the Electrotechnical Laboratory, Ministry of 
Communications — I. (From September to 
December, 1932) (Vol. 3, N? 1). 

Field strength measurements and directional 
observations of high-frequency radio waves at 
the Electrotechnical Laboratory, Ministry of 
Communications — II (From January to March, 
1933), (Vol. 3, N° 2). 

Field strength measurements and directional 
observations of high-frequency radio waves at 
the Electrotechnical Laboratory, Ministry of 
Communications — III (From April to August, 
1933), (Vol. 3, N° 3). 

Measurements of heights of the Kennelly- 
Heaviside layer in Japan — I (From August 
1932 to January, 1933), Vol. 3, Мо 1). 

Measurements of the ionized layer heights 
in Japan, T. Minohara and Y. Ito (Vol. 3, N° 2). 

Effect of the Leonid meteor shower on the 
ionized upper atmosphere, T. Minohara and 
Y. Ito (Vol. 3, N° 2). 

Correlation of radio atmospherics with meteo- 
rological conditions, T. Ikebe (Vol. 3, N° 2). 

Seasonal variations of signal intensity and the 
fading phenomena of some broadcasting sta- 
tions, M. Kinase and S. Ueno (Vol. 3, N? 3). 

On directional observation of long-distance 
short-wave stations and the relation between 
directional deviation and scattering in the 
ionosphere, T. Nakai (Vol. 3, N° 3). 

On the transmission of short-waves through 
the North-Polar night zone, T. Nakai and M. 
Nakagami (Vol. 3, N° 3). 


No 8. — Publications relatives aux recherches 
radioélectriques, par le Dr. J. LUGEON, Secré- 
taire du Comité National Suisse. 


Sur un nouveau procédé expérimental pour 
lexploration des parasites atmosphériques,- 
J. Lugeon. Archives des Sciences Physiques et 
Naturelles, vol. 7, p. 408-409; Nov.-Dec., 
1925. 
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Les idées françaises sur la dynamique des para- 
sites de la T. S. F. et leur extension en Suisse, 
J. Lugeon. Archives des Sciences Physiques et 
Naturelles, vol. 7, p. 406-408 ; Nov.-Déc., 1925. 

Les atmosphériques des fronts quasi-station- 
naires sur le versant nord des Alpes, J. Lugeon. 
Archives des Sciences Physiques et Naturelles, 
vol. 10, p. 67-74; Jan.-Fév., 1928. 

Un appareil radio-électrique pour déceler 
lorigine géographique de l'air, J. Lugeon. 
Archives des Sciences Physiques et Naturelles, 
vol. 10, p. 311-312, Sept.-Oct., 1928. 

La nouvelle méthode de sondage électro- 
magnétique vertical et quasi-horizontal de 
l'atmosphére, J. Lugeon. Archives des Sciences 
Physiques et Naturelles, vol. 11, p. 239-259; 
Sept.-Oct., 1929. 

Sur la portée des atmosphériques d'aprés les 
enregistrements simultanés de Paris-Zurich-El 
Golea (Sahara) Rochers de Naye (Suisse) 
et Varsovie, J. Lugeon et E. Nicola. Archives 
des Sciences Physiques et Naturelles, vol. 12, 
p. 17-18; Nov.-Déc., 1930. 

Réfraction et Propagation des Atmosphéri- 
ques dans la Troposphére, J. Lugeon. Assoc. 
Fran. p. Avanc. des Sciences, Le Havre, 1929. 

Sondowanie warstw atmosfery za pomoca 
obserwacii zaklocen pola elektromagnetycznego 
(Le sondage par les parasites atmosphériques), 
J. Lugeon. Biuletyn Towarzystwa Geofizykow 
w Warszawie. (Bulletin de la Société Géophy- 
sique de Varsovie), vol. 1, 1931. 

Relations entre diverses discontinuités météo- 
rologiques et les oscillations hertziennes para- 
sites au voisinage des chaines de montagnes, 
J. Lugeon. Comptes rendus, vol. 180, p. 594; 
23 Fev., 1925. 

Une méthode pour sonder l'atmosphére à 
l’aide des perturbations du champ électro- 
magnétique au passage de l'anneau crépuscu- 
laire, J. Lugeon. Comptes rendus, vol. 188, 
p. 1114; 22 Avr., 1929. 

La genése des orages de chaleur et leur 
prévision à l'aide des atmosphériques, J. Lugeon. 
Comptes rendus, vol. 189, p. 363 ; 26 Aoüt, 1929. 

Ionosation et champ électrique à El Golea ; 
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l'éclair visible à 800 km ; mirages en automobile ; 
condensation dans les dunes du Grang Erg, 
J. Lugeon. Comptes rendus, vol. 191; p. 216; 
28 Juillet, 1930. 

Le repérage radio-électrique des tempétes de 
sable du Sahara à grande distance, J. Lugeon. 
Comptes rendus, vol. 191, p. 61; 7 Juillet, 1930. 

Le sondage simultané par les parasites atmos- 
phériques à Zurich et au Sahara, J. Lugeon. 
Comptes rendus, vol. 191, p. 525; 29 Sept., 
] 930. 

L'éclipse de soleil du 31 Aoüt 1932 et le son- 
dage par les parasites atmosphériques, J. Lugeon 
Comptes rendus, vol. 195, p. 817; 7 Nov., 1932. 

23 Avril 1934. 


No 9. — Program of ionosphere measurements 
and forms for analyzing data, by the National 
Bureau of Standards. 


In order that data obtained by workers in 
different parts of the world, in the determina- 
tion of heights and critical frequencies of the 
layers of the ionosphere, may be compared 
and used to the best advantage, it is desirable 
that some degree of uniformity be established 
in the times and types of observations and in 
the reduction of the results. А program of 
measurements being followed by the - National 
Bureau of Standards and (in part) by the 
observatory of the Carnegie Institution in Peru, 
is presented. "Tentative forms for analyzing 
results are included. 

It is believed that simultaneous critical 
frequency runs should prove of greatest value. 
It is suggested that all runs begin on the half 
hour and should be from a lower to à higher 
frequency. Although the number of runs is 
not limited to one per hour it is desirable that 
the commencement of runs be synchronized 
once each hour. 

Two types of runs are proposed for alternate 
Wednesdays. Type I, which covers the period 
0030 to 2330 E. S. T., consists of measurements 
of heights and critical frequencies of E and F, 
layers during the day and of the E layer at 
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night. Type П consists of similar measurements 
for F, and F, layers during the day and for the 
F, layer at night. Between 1130 and 1230 
one run is made through the entire band from 
below the critical frequency for the E layer to 
above that for the F, layer. Weeks of Type I 
in 1934 begin on January 7, 21, February 4, 
18. etc., while those of Type II begin on January 
14, 28, February 11, 25, etc. 

In addition to the above, a record starting 
each hour throughout the day is to be made daily 
for the band 2500-4400 kc by the Bureau. At 
the Peru observatory observations are to be 
made also during the day on each Monday. 

The tabulation should show for each layer : 
(1) the lowest virtual height, (2) rate of change 
of height with frequency, (3) range of frequency 
where change of virtual height is small, (4) fre- 
quency for beginning of magnetic splitting, 
(5) all critical frequencies, and (6) the character 
of the critical frequencies. 


Мо 10. — Terrestrial magnetism and its relation 
to world wide short wave communication, 
by H. E. HALLBORG, R. C. A. Communications, 
Inc., New-York, N. Y. 


The challenge to uninterrupted short wave 
communications presented by magnetic storms 
has led to practical study of terrestrial magne- 
tism in terms of circuit performance. 

When a particular magnetic observatory is 
used as а reference base, а definite change in 
the horizontal intensity may be related to a 
definite condition of the radio circuit. The 
observed limits, using Tucson as a reference 
base, are given. 

Analysis of observations from the American 
observatories at San Juan, Тисвоп, Cheltenham 
and Sitka for the year 1931 provided a relation- 
ship between magnetic disturbance and North 
latitude. 

The world's short wave communication zones 
during 1931 are shown on isogonimetrie maps 
of the world about New York, San Francisco 
and Berlin. A dead zone of radius 159 about 
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the north magnetic pole, and & disturbed zone 
of radius 289, for that year, was established. 

Westerly trans-Atlantic communication from 
Europe is less disturbed than Earsterly commu- 
nication from America. The practical effect 
of this condition is that short wave commercial 
reception from Europe is relatively easier than 
is American commercial reception in Europe. 

Magnetic storms are definitely associated 
with а drop in the mean horizontal intensity. 
Тће retentivity of demagnetization is shown by 
a series of graphs covering the year 1932. 

The diurnal history of the storm of May 29, 
] 932 is shown graphically. 

A chart based upon the 27 day cycle of 
magnetic recurrence, from Tucson magneto- 
grams, for the years 1932 and 1933 is shown. 
Charts of this kind are now being maintained 
for the selection of favorable periods for inter- 
national broadcasts. 

In general, application of the observed varia- 
tions in terrestrial magnetism permits the most 
effective use of facilities, at all times and seasons, 
in the maintenance of а world wide radio 
communication service. 


N° J]. — Report on long distance broadcasting 
transmission (600-1 500 Ке/5.). — Polarisation 
of broadeast waves-charts for short wave 
transmission. — Ultra-short wave transmis- 
sion, by T. L. ECKERSLEY. 


This paper deals with : 

(a) The extension of the range of the Madrid. 
curves indicating the relation between field 
intensity and distance. 

(b) The description of a radio polarimeter for 
determiming the direction of polarisation of 
downcoming waves and its use to reduce 
fading by eliminating the downcoming waves, 
and 

(c) The theoretical modification of Watson's 
diffraction formula and its comparison with 
experimental results obtained on medium and 
ultra-short waves. 
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Хо 12. — The symbolic calculus with some appli- 
cations to radio-telegraphy, by Dr. B. van 
DER Por. 


The report first summarises some historical 
details of Oliver Heaviside's methods of his 
« operational calculus », which was then founded 
more on empirical rules than on rigid mathema- 
tical foundations. The work of T. J. I. A. 
Bromwich and K. W. Wagner on the one hand 
and of J. R. Carson on the other hand put the 
operational caleulus on а sound mathematical 
basis. The latter defined the operational repre- 
sentation («image ») of a given function by a 
Laplace transform, while the complex integral 
of Bromwich and Wagner enables one to find 
back the original function from its «image ». 
The modern development does not leave room 
anymore for an «operator» and «operand » 
and it was therefore suggested to call the me- 
thod the «symbolic calculus » Thus e. g. the 
objection against a derivative of fractional 
order of a discontinuous function is totally 
removed. The report further gives a rather 
complete list of Rules applicable in the symbolic 
calculus, which for the greater part were derived 
by the present author. Thus the symbolic 
caleulus becomes also available to the solution 
of differential equations with variable coefficients 
whilst formerly it could only be applied to 
differential equations with constant coefficients. 
Also a list of « images » is given, as well as seve- 
ral examples of applications a. o. treating 
Kelvin's ber and be? functions having as their 
image cos and sin functions respectively. "Thus 
the ordinary goniometry can completely be 
« translated » in a series of relations of ber and 
bei functions. The author's method is also 
immediately applicable to linear partial diffe- 
rential equations and in the report an example 
is given how, with the aid of the symbolic 
calculus, from any two-dimensional wave func- 
tion, which is dependent of e, a solution of 
the one-dimensional heat-diffusion (or CR cable) 
equation can be derived. Finally a new general 
theorem is given, again derived with the symbo- 
lic calculus, enabling one to find the « indicial 


admittance » of à network wich is reciprocal as 
regards its frequency characteristic to another 
network of the «indicial admittance » of the 
latter is known. 

A bibliography is appended (!). 


Мо 13. — Precision measurements of carrier 
frequencies by the aid of a valve-driven tuning- 
fork, by SVEN GEJER. 


The following is a summary of practical 
results obtained in using standard-frequency 
transmissions now available for checking the 
frequency of а secondary frequency standard 
consisting, in this case, of a temperature control- 
led tuning fork with а frequency of about 


. 1,000 c/s. 


The standard frequencies used are those 
transmitted from the National Physical Labo- 
ratory in England and the Bureau of Standards 
in U. S. A. In both cases the comparisons 
between the tuning-fork frequency and the 
transmitted standard frequency can be made 
with an accuracy of about 0.3 parts in a million. 
Measurements made over a period of more than 
& year have shown that the frequency of the 
own substandard it at every time known with 
an accuracy better than ] part in a million. 

For measuring the frequency of a carrier 
wave as compared with the tuning-fork frequen- 
cy, the following method is used : by the aid 
of a multivibrator it is possible to adjust а 
series of heterodyne-wavemeters to harmonics 
and «half» harmonies of the fundamental 
tuning-fork frequency. The interfering tone 
between the sought carrier frequency and its 
most adjacent tuning-fork harmonie is deter- 
mined by the aid of à low-frequency oscillator 
calibrated against harmonics and subharmonics 
of the tuning fork. This interfering tone need 
not exceed 500 c/s for frequencies below 1,500 
kc/s and 3,000 c/s for frequencies below 20 mc/s. 
In most cases the comparison between the 


(1) The full document will be published in the Tijd- 
schrift van het Ned. Radio Genootschap, 1985. 
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sought frequency and the tuning-fork harmonic 
can be made with an accuracy of about І c/s. 
Thus the total error in a frequency measurement 
needs not to exceed + (10° + 1 c/s). (!) 


N? 14. — Measurement of velocity of radio waves 
by Dr. А. №. GorpsMrrH. — (Full text). 


A method of measuring the velocity of radio 
waves might be developed through the use of 
multiple echoes. Suppose station A in Europe 
were to send a single extremely short pulse to 
statio B in America. The pulse might be, 
for example, less than а thousandth of а second 
in length and must be shorter than the time of 
transmission from station А to B. Station B 
automatically repeats the signal back to А, and 
А repeats it back to B and so on. "The signals 
are recorded and the time delay of repetition 
within the station in each case is measured on 
local signals. By repeating a signal back and 
forth across the ocean a sufficient number of 
times increasing precision of measurement be- 
comes possible. 

To determine the length of path actually 
traversed by the waves, a statistical basis 
might be used. "That is, after à great many 
observations of apparent wave velocity were 
made by the method of multiple echoes, these 
would presumably center around some average 
or norm. If only a single transmission path 
were found in some cases, and without echoes 
on each pulse, possibly the length of the relati- 
vely simple path might be deduced. Another 
way of tackling the problem would be to have 
several intermediate receiving stations which 
could pick up the signals from each of the two 
distant transmitting stations and thus give 
additional information as to the course of the 
wave in its path from one station to the next. 

June 22th, 1934. 


(!) Teckniska Meddelanden fran Kungl. Telegrafsty- 
relsen, 1934, p. 85. 
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Мо 15. — Selection of frequencies for recording 
atmospherics, by H. T. Frius, Chairman of 
Technical Committee on Atmospherics, Ame- 
rican National Committee. — (Full text). 


The resolutions adopted by Commission III 
at Copenhagen proposed the establishment of 
12, 50 and 90 kc/s as frequencies for the recor- 
ding of atmospheries. It is suggested that a 
selection of frequencies fairly evenly spaced 
over the whole radio spectrum would be more 
useful. I propose for this purpose 12, 60, 300, 
1.500, 7.500 and 20.000 kc/s. A member of 
my committee has suggested for consideration 
also 4.000 and 15.000 Кс;в. 

June 19th, 1934. 


Мо 16. — Atmospheries of interstellar origin, 
Бу» ће American National Committee. — 
(Full text). 


These atmospherics, propagated in a fixed 
direction in interstellar space, were described 
in the paper, « Electrical disturbances apparent- 
ly of extraterrestrial origin », by К. G. Jansky(!), 
Тће following proposals are made for conside- 
ration by the U. R. S. I. 

It is suggested (1) that a study of the varia- 
tion of the direction of arrival of these atmo- 
spheries with time of day and day of year be 
made at several stations scattered widely over 
the surface of the earth, and (2) that a study 
be made of the variation of intensity of these 
atmospheries with frequency. The information 
obtained under the first suggestion would help 
not only to confirm the existence of these waves 
but to determine the direction of arrival in space 
more accurately than has heretofore been done. 
That obtained under the second suggestion 
would help to determine the true character of 
these atmospherics, and would give some clue 
as to their source and method of propagation 
to the earth (2). 

It would seem interesting to make simulta- 
neous and synchronized observations of the 


(!) Proc. I. R. E., vol. 21, pp. 1387-1398 ; Oct. 1933. 
(*) K. С, Јахзку, Bell Telephone Laboratories. 
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short wave static at different stations. The 
time lag so observed should give information 
about the path followed: by the static ascer- 
taining the elevation of its direction. My 
particular reason for suggesting this is that the 
technique used in observing echoes would be 
useful in performing such an experiment and 
that some of the members may be in a position 
to try it out. А possible method of synchroni- 
zation is to use the ground wave sent from one 
of the stations. It should also be very interes- 
ting to vary the frequency band of.the receiving 
system. If this static comes from interstellar 
space it should give a tool for studying the 
ionosphere through its depth while the ordinary 
observations of virtual heights give only infor- 
mation by looking at it from below (!). 


July 12th, 1934. 


Мо ]7 — Radio Field Strength Measurement, 
by C. R. Englund. 


Ne 18. — Auxiliary apparatus for operating 
Kennelly-Heaviside layer height recorders, by 
H. Rowe MiMNo and Pao Ho Мама, Cruft 
Laboratory, Harvard University, Cambridge, 
Mass. 


In à previous paper (2), we described two 
types of automatic recorders which we developed 
for the continuous study of changes in the 
effective heights of the. Kennelly-Heaviside 
layers. In the same paper we reported the 
results obtained by our field expedition at the 
time of the total solar eclipse of August 31, 
1932. Since that date no fundamental changes 
have been made in the recorder mechanisms, 
but a number of further improvements have 
developed in the associated transmitting and 
receiving circuits. "These changes are intended 
to adapt the equipment for use in a permanent 


(!) G. Breit, New-York University. 
(2) Н. R. Мемхо and Р. H. Wane, Proc. Г. R. E., 
vol. 21, p. 529, 1933. 
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ionosphere observatory, comparable with magne- 
tic observatories. 


To minimize interference with other services 
during automatic continuous daily operation 
on two frequencies, duplicate crystal-controlled 
transmitters have been built. Аз a further 
precaution against frequency drift, automatic 
monitor units have been developed, which stop 
all transmission in case the carrier wave shifts 
0.02 per cent. 


The band width is also well limited. Pulse 
modulation, produced by an auxiliary thyra- 
tron circuit, is introduced in the plate circuit 
of a low-power stage of each transmitting set. 
After leaving this tuned tank-circuit, the modu- 
lated wave passes through four additional 
sharply-resonant circuits, which further limit 
the side-bands to the minimum value consistent 
with the formation of a properly defined signal. 


Call letters are sent automatically at 15 mi- 
nute intervals, with а somewhat longer trans- 
mission at the beginning of each hour. These 
interruptions provide a convenient synchro- 
nized time-scale on all records. A five-minute 
interruption occurs at midnight. 


Receiving and recording devices, mounted 
in closed boxes on automobile trailers, have 
been left in distant cities, synchronized on the 
same alternating-current power net; and have 
operated successfully during 14 day intervals 
without readjustment or other attention. 


Balanced receiving sets have been used in 
some cases in order to obtain maximum sensi- 
tivity at points directly under the transmitting 
antenna. 


Additional experiments are being conducted 
with field transmitting sets, polarized receivers, 
and new methods of synchronization (!). 


(1) Part of the matcrial covered by this paper has been 
published in the Proceedings of the Fifth Pacific Science 
Congress (1933). Additional material will be published 
in the Procecdings of the Institute of Radio Engineers 
at a later date. 
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Хо 19. — Analysis of a 6.000 hour record of 
Kennelly-Heaviside layer heights, by Н. Rows 
MIMNO and Pao Но WANG. 


The rapidly increasing use of -automatic 
apparatus in recording continuously the daily 
fluctuations of the effective heights of the 
Kennelly-Heaviside layers, permits a detailed 
examination of normal and abnormal changes in 
the ionization of the upper levels of the earth's 
atmosphere. During most of the 6.000 hour 
period covered by this report, simultaneous 
records were made on two frequencies. The 
resolving power of the apparatus is sufficient 
to record magneto-ionic double-refraction in 
the E layer, as well as in the F layers. 

From the average rate of decay of ionization 
on normal days in Fabruary, March and April, 
1933, the mean value of the corresponding 
recombination coefficient is estimated to be 
4.3 x 1079. According to the result of a 
penetration-frequency test on February 15, the 
maximum electronic density at noon was about 
1.08 x 10°; and the equilibrium value of the 
ionizing power was approximately 500 electrons 
per cc. per second. 

The sudden and violent fluctuations which 
occur during magnetic storms have been studied 
by means of an auxiliary high-speed «fine- 
structure » recorder. In some cases at least 
five distinct «layers» appear in the F region 
(in addition to the usual multiples). 

In addition to these short-period fluctuations, 
there appears to be a definite correspondence 
between the magnetic cycle, the average F-layer 
height, and the hour of the day at which the F- 
layer is penetrated by the extraordinary com- 
ponent of the 4095 kilocycle wave. 

We have also examined the frequency of 
occurence of 4095 kilocycle E-layer reflections 
during а three month period, (April, May and 
June 1933). Sudden abnormal increases of 
ionization (during the hours of darkness) were 
most common about 4 а. m. When these are 
observed in Cambridge they are likely to be 
found in Washington on the same date but at a 
different time. The preliminary results do 
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not indicate any definite time sequence, and 
it is possible that these reflections are due to 
local clouds of ions, moving more or less at 
random ('). 


Мо 20. — A universal unit for measuring atmo- 
spheries, by H. T. Frus. 


Contributions made to а symposium on the 
above subject held in Washington, D. C. on 
April 29, 1932, and presided over by Mr. H. T. 
Friis. 

Mr. H. T. Friis gave à summary of the methods 
of measuring atmospherics used in the past 
and pointed out the need for a universal or 
standard unit in terms of which all data on 
atmospherics should be expressed. He suggest- 
ed the micro-volt per metre, the data being 
reduced to the case of a receiver having a band 
width of 1 kilocycle, as the proper unit. 

He discussed the different types of static and 
suggested that a brief discussion of the types 
heard in connection with the intensity measured 
in the above unit might give information that 
would greatly aid those interested to estimate 
the interfering effect of atmospherics. 

Mr. W. W. Mutch described an automatic 
field strength and atmospheric recorder. His 
paper appeared in full in the Proc. I. R. E., 
Vol. 20, N? 12, page 1914, Déc. 1932. 

Mr. K. G. Jansky showed how the band 
width of а receiver should be measured, and 
discussed the effect that changing the band 
width has on the value registered by the recorder 
when various methods of recording are used. 

Mr. R. K. Potter pointed out the difficulties 
encountered in making measurements of atmo- 
spherics at very high frequencies and discussed 
a method whereby the peak voltages of the 
individual crashes is used as an estimate of the 
intensity of the atmospherics when other me- 
thods of measurement fail. 


(1) Part of the material covered by this paper has been 
published in the Proceedings of the Fifth Pacific Science 
Congress (1938). 

Additional material will be published in Physics at 
later date. 
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M. R. S. Tucker discussed the methods that 
are now being developed on the telephone plant 
for the measurement of noises of all types. 
In particular he discussed the ear balance 
method, the noise meter, and the sound meter. 

There followed a brief discussion between 
Mr. Friis and Mr. Austin relative to the advisabi- 
lity of recommending a standard method of 
recording as well as a standard unit for expres- 
sing the results (1). | 


No 21. — Sur l'étude en laboratoire des. рго- 
priétés diélectriques des gaz ionisés, par C. 
GuTTON, Directeur du Laboratoire National 
de Radioélectricité à Paris. 


Des mesures de constante diélectrique des 
gaz ionisés (?) ont montré qu'il se produisait 
dans un volume limité de gaz, contenu dans un 
tube de verre, des phénoménes de résonance 
électronique. La fréquence de résonance est 
d'autant plus élevée que l'ionisation est plus 
intense et l’acuité de la résonance d'autant 
plus grande que la pression est plus faible. 

П est possible de concevoir que ces phéno- 
ménes peuvent se produire dans l'atmosphé- 
re (3), dont l'ionisation n'est pas uniforme dans 
un volume assez grand pour qu'on puisse lui 
attribuer des dimensions indéfinies vis-à-vis 
de la longueur d'onde. Il y a lieu d'ailleurs 
d'observer que dans la théorie de Eccles la 
vitesse de phase et par suite de la longueur 
d'onde augmentent indéfiniment lorsque l'in- 
dice tend vers zéro. 

Si ces phénoménes de гезопапсе existent 
dans l'atmosphére, une reflexion sous l'incidence 
normale doit se produire sur la couche en réso- 
nance. 


(1) The above symposium has not been and probably 
will not be published. Complete copies giving the dis- 
cussion in full may be obtained by writing to Mr. H. T. 
Frits, c/o Bell Telephone Laboratories, P. О. Box 107, 
Red Bank, New Jerscy, U. S. A. 

(2) H. Gurron, Onde Electrique, t. 6, p. 137, 1927 
ct t. 7, p. 1, 1928; Annales de Physique, t. 13, јап- 
vier 1930, 

C. GUTTON. Annales de Physique, t. 14, p. 5, 1930. 

(3) C. GurroN, Onde Electrique, t. 12, p. 6, 1933. 
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Comme d'autre part les phénoménes de 
résonance sont dus à la répétition rythmée 
d'un grand nombre d'ondes successives, un 
signal émis par un poste à ondes entretenues, 
qui, quoique bref, comprend un grand nombre 
de périodes, doit étre plus parfaitement réfléchi 
qu'un train d'ondes trés amorties produit par 
la décharge par étincelle d'une antenne. L'expé- 
rience (!) confirme ce fait et le résultat est 
d’accord avec l’idée d'une réflexion sur une 


couche en résonance. 


Мо 22. — La génération d'oscillations électriques 
de longueur d'onde inférieure à 1 métre, par 
K. W. WAGNER et H. E. HOLLMANN (?). 


à: 


Lorsque l’on cherche à engendrer des ondes 
électriques de plus en plus courtes à l’aide de 
tubes électroniques, de grandes difficultés appa- 
raissent dès qu’on s’approche d’une limite fixée 
approximativement par le mètre 

Les circonstances d’entretien deviennent de 
plus en plus défavorables, mais leur influence 
peut être contrebalancée par une évolution 
appropriée du système oscillant, ainsi par exem- 
ple, par l'emploi de connexions tubulaires 
concentriques ou de circuits de grille en spirale. 

Pour ce qui concerne l'élimination de Pin- 
fluence du déphasage dû au temps de transit 
des électrons, deux moyens se présentent. 

On peut, d'une part, réduire les temps de 
transit par une réduction proportionnelle des 
dimensions des tubes, de facon à ce que ces tubes 
ne souffrent pas de ce déphasage, méme pour 
des ondes de l'ordre de grandeur du décimétre. 

On peut, d'autre part, mettre en œuvre des 
procédés basés sur l'appropriation du temps 
de transit final 54, lesquels sont alors en relation 
avec la fréquence o et obéissent à la relation 
d'inversion 

о f= m.m 


où n représente la série des nombres entiers. 


(1) С. Gurron, J. CALLE ct H. Јотеху, Comptes rendus 
de l'Académie des Sciences, t. 199, p. 470, 1934. 

(2) Le texte complet a été publié dans le E. N. T. de 
décembre 193 t. | 
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Le dispositif qui utilise le temps de transit 
final est l'oscillateur à champ retardateur 
d'aprés Barkhausen et Kurz. 

Les oscillations étaient attribuées à l'origine 
à un mouvement pendulaire d'électrons autour 
de la grille positive. 

D'aprés des recherches plus récentes, elles 
proviendraient de l'appropriation d'un circuit 
résonant dont les conditions d'entretien tien- 
draient compte non seulement des déphasages 
ultra-dynamiques à l'intérieur du tube, mais 
également des rétroactions résultant des con- 
nexions. 

Les oscillations d'ordre supérieur, connues 
généralement. sous le nom de « micro-ondes » 
répondent au domaine de classification de la 
formule d'inversion caractérisée par n, d’où 
la relation plus générale »?4*Eg = constante 
peut étre déduite. 

On peut considérer le magnétron comme for- 
me particuliére de l'oscillateur à champ retar- 
dateur, dans lequel le champ retardateur élec- 
trostatique d'anode est remplacé par un champ 
magnétique. 

Si le cylindre anodique est découpé en deux 
ou plusieurs segments, il nait entre les segments 
une résistance négative qui peut exciter, à de 
très hautes fréquences, un système résonant. 

Le rendement atteint 50% pour une onde de 
50 em. et avec un cylindre de 1 m/m de diamétre, 
on peut atteindre l'onde de un centimétre. Au 
delà de cette limite, on est encore tributaire 
de l'excitation par étincelle qui constitue la 
transition entre les dipoles herziens macrosco- 
piques et les dipoles moléculaires. 

, Enfin, Ja question se pose de savoir s'il y aura 
possibilité de dépasser beaucoup cette limite de 
l'onde d'un ordre de grandeur du centimétre, 
sans étre géné par la constitution énergétique 
de l'atome et de la molécule. 


Мо 23. — Effective height of antennas, by P. E. 
Watson, Signal Corps Laboratories, Ft. 
Monmouth, N. J., U. S. А. 


]. The term effective height of an antenna 
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has been used at different times to indicate the 
relative merits of antennas. This term can be 
calculated and used to some advantage when 
the frequencies involved are less than approxi- 
mately 400 kc, an the antennas are those types 
which have loading at the top resulting in 
approximately uniform current in the vertical 
lead. 

2. The usual method of determining the 
effective height of an antenna under the above 
conditions is by measuring at a distant point 
the intensity of the field radiated by the antenna 
when excited by a transmitter, and then calcu- 
lating the effective height from formulas deve- 
loped by different men. 

3. These formulas are theoretical ones deve- 
loped to give the effective value of the electric 
or magnetic field at a distant point from the 
antenna. Morecroft gives the formula 


_ 600 zl I (7) 
= 10ad 


Where : 

E = effective value of electric field in volts 
per cm. 

I = effective value of the current in antenna, 
in amperes, 

l, ^, and d are in centimetres. 


; а 


This formula reduces to 


dE 


1 = 18851 x то 


Where: 
E = microvolts per metre. 
l, ^, and d аге in metres. 

As stated above the use of this formula is 
limited to the types of antennas shown and to 


(!) Principles of Radio Communication, 
page 823. 


2nd Ed., 
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the low frequencies, where the attenuation is 


proportional closely to x 


d 

Also this formula appears to be in error by 
a factor of two. These Laboratories have made 
measurements of effective height of а number 
of antennas by very accurately determining the 
field intensity. When the formula as given by 
Morecroft was applied, results invariably obtai- 
ned were twice the actual physical height of the 
antenna, indicating that the correct formula 
should be 
|. 4 dE 
= 3771 x 105 


A typical example of such a calculation on the 
antenna and counterpoise system shown, is 
given. 

4. It is believed that some authorities give 
this constant of 377 instead of 188.5, but 
definite information is not at hand at present. 

5. Evidently there is à need for a more accu- 
rate treatment of this subject than can be 
found in the present literature, if it is to be of 
any value for design purposes. 

6. Also at present the use of the term effective 
height of antenna is of questionable value 
when used in connection with the shorter waves 
and great variety of antennas used to propagate 
them. It is the opinion of these Laboratories 
however that, if possible, an accurate treatment 
of the simple vertical antenna to. permit cal- 
culation of ground wave propagation would be 
of considerable value. Considerable data should 
be available now since so many broadcasting 
stations have adopted some form of vertical 
antenna a quarter wave or more in height. 

July 10, 1934. 
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N? 24. — A determination of some of the proper- 
ties of the piezo-electrie quartz resonator, by 
Kart S. Van Dyke, Wesleyan University, 
Middletown, Conn. 

Entirely consistent determinations of the 


logarithmic decrement of X-cut quartz rods 
whose natural frequencies are of the order of 
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70 ke have been obtained during the last few 
years. The decrement is obtained from measu- 
rements on oscillographic records of the decay 
of the free vibrations of theresonator. The most 
extreme (lowest) values of decrement have been 
checked by an entirely independent method, 
namely, by tracing the resonance curve, the 
agreement between the two methods being to 
within a few per cent. Extended studies by 
the former method have shown the logarithmic 
decrement to be a linear function of the pressure 
of the surrounding gas, and the energy losses 
in the two gases tried, air and hydrogen, to be 
in the ratio of their radiation resistances. This 
assumes precious elimination of mounting losses, 
which for ordinary mountings are even larger 
than radiation losses. When radiation losses 
have been eliminated, the effect of the abrasive 
used in making the usual ground finish of the 
surfaces of the quartz becomes obvious, the 
lowest decrements being obtained when the 
surfaces have been etched. Representative 
logarithmic decrements measured under various 
conditions are as follows, the corresponding 
reactance-resistance-ratio (Q) being inserted in 
parentheses following each logarithmic decre- 
ment. 

Ground surfaces, in air at atmospheric pres- 
sure, 

126 x 10° (25,000) 

Ground surfaces, in hydrogen at atmospheric 

pressure, 
31 x 10° (101,000) 

Ground surfaces, in vacuum, 

11-17 x 10° (290,000-] 80,000) 

Etched surfaces, in vacuum, 

6.4 x 10° (490,000) 
Etched surfaces, polished, in vacuum, 
5.4 x 10° (580,000) 

Decrements quoted are for short-circuited 
resonators with thin silver electrodes chemically 
plated into the crystal, the short-circuit values 
being obtained by extrapolation from determi- 
nations at variousresistance loads. The method 
yields also the resistance and inductance ele- 
ments of the equivalent network (Proc. I. R. E., 
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Vol. 16, p. 742-764, 1928), and further by the 
equations for the network a value 5.29 x 10* 
cgs for the piezo-electric coefficient which is 
effective in driving Y-waves in X-cut rods. 
Temperatures are of the order of 279 C through- 
out. Resonator dimensions аге 0.5 x 4.0 x 
0.5 cm along X, Y, and Z respectively (!). 


Мо 25. — Memorandum on sunspots, by J. С. 
ScHELLENG, Bell Telephone Laboratories. — 
(Full text). 


This memorandum is written at the suggestion 
of Dr. Dellinger, Vice Chairman, American 
Section, U. R. S. L, to set down two subjects 
which it may be of interest to discuss at the 
London meeting : 


(1) It would be of importance for the science 
of radio transmission if, by visual observation 
of the sun, we could identify and observe the 
specific solar disturbance which produces a 
given disturbance in radio transmission. This 
would also be important for terrestrial magne- 
tism. All efforts along this line seem to fall 
short of a satisfactory correlation ; at the same 
time they lead to the tantalizing conviction 
that observations of the right kind would yield 
definite results, if only we knew what observa- 
tions to make. With the spectrohelioscope, a 
number of observations of violent solar eruptions 
of short life have been made by various investi- 
gators which were followed by intense magnetic 
atorms. If the sun were under observation 
at all times, all large eruptions would be found 
and it might ensue that most terrestrial dis- 
turbances can be accounted for in this way. 
Several observers are required at different 
locations about the earth in order to keep the 
sun under observation and Dr. G. E. Hale 
(to whom this suggestion seems to be due) has 
been trying to organize this sort of astronomic 


(!) The complete paper as submitted to the General 
Assembly has been submitted to the Institute of Radio 
Engineers for publication. 
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program, employing as many spectrohelios- 
copes in different longitudes as can be enlisted 
in the project. Such a program should begin 
modestly, at first perhaps limiting the obser- 
vations to а week's program ; this might well 
be made 27 days after а severe magnetic storm 
in order to take advantage of the tendency for 
storms to recur with each solar rotation. If it 
is desirable for radio scientists to take any steps 
to coordinate their work with that of the astro- 
nomers, it would appear that the U. R. S. I. 
might be the ideal organization through which 
to work. The U. К. S. I. might find it desirable 
to have some committee investigate the possibi- 
lities. 

(2) In line with а subject already proposed 
for discussion, « directive effects in the vertical 
plane, and variations with magnetic distur- 
bances », it would be of scientific value to know 
comprehensively what transmission paths are 
free from serious effects during magnetic storms, 
and what paths are seriously affected. It is 
known qualitatively that northern latitudes are 
the more subject to these disturbances and 
it is felt by many that a definite correlation 
must exist between the radio phenomena be- 
tween any two points, and the proximity of the 
corresponding great circle to the zone of maxi- 
mum auroral occurence. Can the severity 
of disturbances in radio transmission be corre- 
lated with the maximum prevalence of aurora 
along the great circle path or with the magnetic 
latitude ? 

July 12th, 1933. 


Ne 26. — Distribution of radiation in vertical 
plane for communication with short waves 
over great distances, by C. W. LATIMER. 


This paper describes three methods of deter- 
mining the angle of projection from a radio 
transmitter in order to ascertain the optimum 
angle for any communication circuit. 
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No 27. — Report of radio research in Japan, by 
the National Research Council of Japan. 
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H. Nagaoka (Vol. 2, N? 1). 

22. Communication Test for Radio Telephony 
by Means of Ultra Short Waves between Niigata 
and Sado, S. Uda (Vol. 2, № І). 

23. Radiation Characteristics of Beam Anten- 
nas, T. Minohara, K. Tani and Y. Ito (Vol. 2, 
N° 1). 

24. Some Experiments on Common Fre- 
quency Broadcasting, Y. Takata and M. Kinase 
(Vol. 2, Мо 2). 

25. The Radio Receiver Characteristics Rela- 
ted to the Side-Band Coefficient of the Resonance 
Cireuit, S. Takamura (Vol. 2, N? 2). 

26. Theory on the Propagation of Low-Fre- 
quency Waves, E. Yokoyama and S. Namba 
(Vol. 2, Мо 2). 

27. Thickness Vibration of Piezoelectric Oscil- 
lating Crystal, I. Кора (Vol. 2, Мо 2). 

28. Secret Communication by Phase Modula- 
tion Method, T. Kujirai and T. Sakamoto 
(Vol. 2, N? 2). 

29. A Bridge-Type Speech Inverter, T. Mat- 
suyuki (Vol. 2, N° 2). 

30. A System for the Inversion of Frequency 
Distribution, T. Niwa and T. Hayashi (Vol. 2, 
N° 2). 

32. On the Intensity of Electron Oscillation 
in a Triode, K. Morita (Vol. 2, Мо 3). 

32. An Acoustie Method of Distance Measu- 
rement, H. Yagi and S. Matsuo (Vol. 2, Мо 3). 

33. Heterodyne Detection of Super-Audible 
Acoustic Waves in Air, H. Yagi and 5. Matsuo 
(Vol. 2, Мо 3). 

34. On Reverberation Time in Broadcasting 
Studios, K. Hoshi (Vol. 2, № 3). 
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35. A General Theory of the Propagation of 
Radio Waves in the Ionized Layer of the Upper 
Atmosphere, S. Namba (Vol. 2, Мо 3). 

36. Some Long-Distance Transmission Pheno- 
mena of Low-Frequency Waves, E. Yokoyama 
and I. Tanimura (Vol. 2, Мо 3). 

37. On Tourmaline Oscillators, S. Matsu- 
mara and S. S. Ishikawa (Vol. 3, № 1). 

38. Experiments on the Ultra-High-Fre- 
quency Communications, T. Nakai, R. Kimura 
and S. Ueno (Vol. 3, N? 1). 

39. Theory of Complex Antenna, K. Tani 
(Vol. 3, Мо 1). 

40. Field Strengh Measurements and Direc- 
tional Observations of Short Waves, T. Nakai 
(Vol. 3, N° 1) (!). 

41. Japanese Ursigram — I. (From Septem- 
ber, 1932 to May, 1933) (Vol. 3, N? 1). 

Japanese Ursigram — II. (From June to 
November, 1933) (Vol. 3, N° 3). 

42. Field Strength Measurements and Direc- 
tional Observations of High-Frequency Radio 
Waves at the Electrotechnical Laboratory, 
Ministry of Communications — I. (From Sep- 
tember to December, 1932) (Vol. 3, N? 1) (?). 

Field Strength Measurements and Directional 
Observations of High-Frequency Radio Waves 
at the Electrotechnical Laboratory, Ministry of 
Communications — II. (From January to March, 
1933) (Vol. 3, N° 2) (?). 

Field Strength Measurements and Directional 
Observations of High-Frequency Radio Waves 
at the Electrotechnical Laboratory, Ministry of 
Communications — ITI. (From April to August, 
1933) (Vol. 3, N° 3) (?). 

43. Measurements of Heights of the Kennelly- 
Heaviside Layer in Japan — I. (From August, 
1932 to January, 1933) (Vol. 3, N° 1). 

44. Measurements of the Јоштеда Layer 
Heights in Japan, T. Minohara and Y. Ito 
(Vol. 3, Мо 2). 

45. Effect of the Leonid Meteor Shower on 


(!) Paper Мо 29, p. 146. 
(2) Paper N° 80, p. 146. 
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the Ionized Upper Atmosphere, T. Minohara 
and Y. Ito (Vol. 3, Мо 2). | 

46. A Precision Method of Absolute Fre- 
quency Measurement, H. Kono (Vol. 3, Мо 2). 

47. Experiments with a Radio Broadcasting 
System, Utilizing the Network of Distribution 
Lines of an Electric Supply, I. Miura (Vol. 3, 
No 2). 

48. Correlation of Radio Atmospheries with 
Meteorological Conditions, T. Nakai (Vol 3., 
Мо 2). 

49. A Phonic Motor. T. Ikebe (Vol. 3, N? 2). 

50. Emission Characteristics of Tungsten 
Filament, T. Kuno (Vol. 3, N? 2). 

51. The Condenser Microphone. K. Kobayasi 
(Vol. 3, Мо 2). 

52. Vacuum Tubes for Measuring Very Small 
Currents and Potentials, S. Hamada (Vol. 3, 
No 3). 

53. Seasonal Variations of Signal Intensity 
and the Fading Phenomena of Some Broadcas- 
ting Stations, M. Kinase and 5. Ueno (Vol. 3, 
No 3). 

54. A Suitable Triode for Generating Electron 
Oscillations, K. Kamio (Vol. 3, Мо 3). 

55. On Directional Observation of Long- 
Distance Short-Wave Stations and the Relation 
Between Directional Deviation and Scattering 
in the Ionosphere, T. Nakai (Vol. 3, N° 3) (!). 

56. On the Transmission of Short-Waves 
through the North-Polar Night Zone, T. Nakai 
and M. Nakagami (Vol. 3, Мо 3) (?). 

57. А System of Wireless Secret Telephony, 
S. Chiba (Vol. 3, N° 3). 


Мо 28. — Measurements of the heights of 
the Kennelly-Heaviside layer in Japan, by 
TsuTOMU MINOHARA and Yo71 ITO (?). 


(!) Paper N? 31, p. 146. 
(2) Paper Мо 32, p. 146. 
(3) Кер. of Rad. Res. in Japan, vol. ПІ, № 1, 1933. 
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Мо 29. — Field strength measurements and 
directional observations of short waves, by 
Томогб Nakar, Electrotechnical Laboratory, 
Ministry of Communications, Tokyo (!). 


А brief account is given of the field strength 
measuring apparatus, recently designed and set 
up at our laboratory. А vertical aerial is 
employed. The calibration of the over-all 
gain by the vertical aerial and its tuning circuit 
was made by comparing it with a loop, taking 
into consideration the effect of wave absorption 
due to surrounding objects. In order to check 
the performance of the apparatus, it was com- 
pared with a Western Electric high-frequency 
field-strength measuring set, when good agree- 
ment was obtained, the difference being within 1 
or 2 decibels. 

Directional observations were also conducted 
by using а high-frequency direction finder of а 
new goniometer type which was recently desi- 
gned and constructed at our laboratory. Its 
working is very satisfactory and entirely free 
from the error due to wave polarization. Direc- 
tions may usually be determined within errors 
of about + 1 or + 2 degrees. 


Мо 30. — Field strength measurements and 
directional observations of high-frequency 
radio waves at the Electrotechnical Laboratory, 
Ministry of Communications, by Tomozô 
МАКАТ (?). 


The results of Field Strength measurements 
and directional observations conducted at the 
Electrotechnical Laboratory, Ministry of Com- 
munications are presented in curves and figures. 

The principal Stations selected for the obser- 
vation are New York, San Francisco, Rio de 
Janeiro, Buenos Aires, London, Berlin, Mel- 
bourne, etc. | 

The results of the observation for à period 
of Sept. to Dec., 1932, are included in Part I, 


(1) Кер. of Rad. Res. in Japan, vol. IV, по 2, 1934. 
(3) Rep. Radio Res. Japan, vol. III, по 1, 2 and 3, 
1933, p. Fl, F25, F58. 
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Jan. to March, 1933 in part II, and April to 
Aug., 1933 in Part III. 


Мо 3]. — On directional observation of long- 
distance short-wave stations and the relation 
between directional deviation and seattering 
in the ionosphere, by Tomozô NAKAI. 


This paper describes the results of directional 
observations carried out with long-distance 
short-wave stations outside the skip distance, 
at the Hiraiso Branch of the Electrotechnical 
Laboratory, since the autumn of 1932. "These 
results show that waves may arrive from direc- 
tions deviating by more than ten degrees or 
even several decades of degrees from the true 
direction at almost regular times of the day. 
These deviations appear to be due to scattered 
waves from the ionized medium about the 
transmitting station. These results also show 
that the ionosphere is made up of ionic clouds 
of а very complicated nature, in which seat- 
tering plays an important role in the propaga- 
tion of short waves (!). 


N 32. — On the transmission of short waves 
through the north-polar night zone, by Томого 
NAKAI and M. NAKAGAMI. 


This paper is à preliminary report on the 
authors' field-strength measurements and direc- 
tional observations carried out between Decem- 
ber 1932 and February 1933 with oncoming 
short waves from the New York and the Rio de 
Janeiro stations, both of wich were supposed to 
propagate through the polar night zone at the 
North pole. Our experiments have shown that 
the waves from these stations scarcely come 
from the true direction, but arrive from quite 
unexpected quarters. It appears that short 
waves are very difficult to propagate through 
the north polar night zone through details in 
regard to the ionization in this zone are still 
unknown (?). 


(1) Кер. Radio Res. Japan, vol. III, по 8, 1938, p. 251. 
(?) Rep. Radio Research. Japan, vol. III, no 8, 1933, 
p. 259. 


Union Radio Scientifique Internationale 


No 33. — Thermal characteristics of piezoelec- 
trie oscillating quartz plates, by I. Koaa. 


Piezoelectric oscillating quartz plates having 
very small temperature coefficient are divised 
and applied to the short-wave radio transmitter 
under commercial service with very good results. 
The temperature coefficients of the frequency 
of quartz plates, as such as X-cut and Y-cut 
plate, are generally somewhat higher than those 
which are ever reported. It is because the 
plates used in our experiements are sufficiently 
thin, so that the values of the temperature 
coefficients become their asymptotic values. 
By the way, the procedures of the preparation 
of test pieces and the measurement of the 
temperature coefficient of frequency are explain- 
ed (:). 


No 34. — Quartz plates with a very small tem- 
perature coefficient of oscillation frequency, by 
Sadao MATSUMURA and Shizuo KANZAKI, 
Electrotechnical Laboratory, Ministry of Com- 
munications, Tokyo. 


The temperature coefficient of oscillation 
frequency of a quartz plate depends upon its 
dimensions and orientation against the crystal- 
lographic axes. In an ordinary X-cut (or 
Curie-cut) rectangular quartz plate, the tem- 
perature coefficient of frequency of the so- 
called Y-wave has already been found by the 
authors to become smaller as the ratio of the 
lenght measured along the Z-axis to that along 
the Y-axis becomes smaller (2). 

The present paper describes the results of the 
experiments carried out thereafter with regard 
to the method of obtaining a quartz plate having 
a very small temperature coefficient of oscilla- 
tion frequency. The new method of preparing 
such desirable plate is to cut a rectangular 
X-cut quartz plate from the crystal in such a 
manner that its lengthwise edges subtend a 
proper angle against the Y-axis. There exists 


(!) Rep. Radio Res. Japan, vol. IV, n? 2. 

(2) On the temperature coefficient of frequency of 
Y-wave in X-cut quartz plate, Rep. Radio Res. Japan, 
vol. II, по 1, 1932, p. 83. 
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an optimum dimensional ratio of breadth to 
length in order to give a minimum temperature 
coefficient of frequency for each angular orien- 
tation against the Y-axis. 

For example, in the case of an X-cut rectan- 
gular quartz plate having the dimensional ratio 
of 0.5 and the angular orientation of -20° against 
the Y-axis, the temperature coefficient of fre- 
quency of the Y-wave was found to be less than 
-] x 10° (1). 


Мо 35. — Ionospherie measurements at Losap 
Island during the solar eclipse of February 
14, 1934, by KEN-1cH1 MAEDA. 


The author describes and discusses the results 


. of the measurements of apparent heights of the 


ionosphere by the pulse method carried out at 
Losap Island, one of the East Caroline Islands, 
during the solar eclipse of February 14, 1934. 
It is found that the ultra-violet radiation from 
the sun is the prominent agent of the atmosphe- 
ric ionization, and the effect of the neutral 
corpuscle from the sun is slightly observed 
and ends earlier on the F-layer than on the 
E-layer. 

The results of the measurements of electron 
densities in the ionosphere and the noise level 
in the vicinity of Losap Island are also described 
briefly. 

As an appendix the principal results of the 
ionospheric measurements in North-America 
and Europe during the solar eclipse of August 
31, 1932, are tabulated and compared with 
results of our experiments (?). 


Мо 36. — Ionosphere heights measured in the 
South Sea Island and radio observations made 
during the solar eclipse of February 14, 1934, 
by Tsutomu MINoHARA and Үблт Іво. 


Radio observations of the heights of the 
layers of the ionosphere were made by means of 
the pulse method at Losap Island in the South 


(1) Rep. Radio Res. Japan, vol. IV, по 2, 1934, p. 105, 
(2) Rep. Radio Res. Japan, vol. IV, по 2, 1984. 
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Seas during the period from February 1 to 
]7, 1934, especially on the day of the solar 
eclipse, February 14. On several days critical 
frequency measurements were also made. 

We found considerable differences in the mode 
of wave propagation in th South Seas as com- 
pared with that in the Tokio district and, as 
might be expected, the heights of the E-layer 
were somewhat lower in the South Seas than 
in Tokyo. The results obtained from critical 
frequency measurements enabled us to deter- 
mine the existence of the echo region and the 
absorption region in the range of the middle 
and the short wave. In the course of our 
measurements, we came upon a special absorp- 
tion phenomenon, which we have called the 
«noon phenomenon». 'The value of the ion 
density of the E-layer underwent marked chan- 
ges with the progress of the eclipse. The states 
of the F-layer also changed and there was also 
an anomalous rise in the layer heights. "The 
effect of the neutral corpuscles on the ionosphe- 
re could not be observed as the frequencies 
employed were not quite suitable for observing 
the state of the E-layer at the calculated time 
of the corpuscular eclipse. Observationally, it 
did not effect the F-layer, the frequency having 
been merely for the observation of the F- 
layer (!). 


Ne 37. — Summary of some theoretical contri- 
butions of the problem of propagation of 
radio-waves over the earth, бу Dr. B. vAN DER 
Por and Dr. K. F. NIESSEN. 


The report concerns the following papers : 

I. Balth. van der Pol and K. F. Niessen. — 
Ueber die Ausbreitung elektromagnetischer 
Wellen über eine ebene Erde, Ann. der Phys., 
6, 273, 1930. 

II. Balth. van der Pol and K. F. Niessen. — 
Ueber die Raumwellen von einem vertikalen 
Dipolsender auf ebener Erde, Ann. der Phys., 
10, 485, 1931. 

III. K. F. Niessen. — Ueber die entfernten 


ne ————— Bo — M 


(1) Кер. Radio Res. Japan, vol. IV, n? 2, 1931. 
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Raumwellen eines vertikalen Dipolsenders ober- 
halb einer ebenen Erde von beliebiger Dielek- 
trizitätskonstante und beliebiger Leitfáhigkeit, 
Ann. der Phys., 18, 893, 1933. 

Ia. Balth. van der Pol. — Ueber die Ausbrei- 
tung elektromagnetischer Wellen, Zts. f. Hoch- 
freq. Techn., 37, 152, 1931. | 

Ib. K. F. Niessen. — Bemerkung zu einer 
Arbeit von Murray und einer Arbeit von van der 
Pol und Niessen über die Ausbreitung elektro- 
magnetischer Wellen, Ann. der Phys., 16, 810, 
1933. 

In these papers the solution of the wave 
equation for а transmitter, considered either 
as an electric or magnetic dipole above a finitely 
conducting flat earth obtained by Sommerfeld (!) 
is extended in several directions so that the 
results are more amenable to physical and nume- 
rical interpretation. It is shown that, for the 
case of both transmitter and receiver on the 
ground, the exact expression can considerably 
be simplified. А simple approximation leads 
to Sommerfeld’s well known р formula and a 
further approximation thereof. For the field 
above the ground formula are obtained expres- 
sing this field as the sum of (a) a direct radiation 
and (b) a reflected radiation. Тће spacial 
ranges where this reflection formula is valid are 
diseussed in great detail. 

In these papers a frequent use is made ofthe 
symbolic calculus, this simplifying many intri- 
cate processes (?). 


Мо 38. — Laboratory investigations of the 
dielectric constant of ionised air, by Prof. E. V. 
APPLETON, F. R. 5. 


]. The existence of the quasi-resonance effect 
discovered by Gutton has been confirmed. 

2. Contrary to the results of Gutton, the 
quasi-resonance effect has been found to depend 
on the circuit conditions. 


(1) Ann. der Phys., 28, 665, 1909. 
(3) The full document will be published in the Tijd- 
schrift van het Ned. Radio Genootschap, 1985. 
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3. By making observations for а range of 
wave-lenghts (4), and also measuring the elec- 
tron densities (N) to produce the Gutton effect 
it has been found that N 2? is a constant whereas 
Gutton found that N*")? was constant. 


Мо 39. — Note of the generation of stable ultra- 
high frequency oscillations, by F. A. KorsTER. 


Мо 40. — Transmission and reception of nine- 
centimetre wave, by С. R. KircoRE, Research 
and Development Laboratory, R. C. A. Radio- 
tron Co., Inc., Harrison, N. J. 


Beam transmission with portable equipment 
requires the utilization of wavelengths below 
10 centimetre. To demonstrate some of the 
possibilities in this field, an experimental 
9 centimetre beam transmitter was built, 
employing a new type of electronic oscillator. 

This oscillator consisted of a spilt-anode 
magnetically-controlled tube with the oscilla- 
ting circuit completely within the bulb. The 
normal operating plate voltage and current 
were 1100 volts and 5 m. a. The output was 
estimated as 5.0 watt. 

In the transmitter the 9 cm oscillator was 
plate-modulated by а 600 Ке. oscillator which 
was in turn modulated by the voice frequency. 
The output of the transmitter was supplied to а 
dipole antenna through an adjustable trans- 
mission line. Тће directive system consisted 
of а 60 em parabolic search-light reflector, and a 
hemispherical back reflector which was approxi- 
mately half wavelength in diameter. 

The reflector and transmitter ware mounted 
as a unit in а cabinet 26" x 26" x 14", the 
total weight of the equipment being 180 pounds. 
The apparatus was designed to operate from 
110-volt 60-cycle line and required an input of 
165 watts. 

The receiver consisted of а special positive- 
grid triode detector followed by а 600 Ке. 
amplifier. The detector tube was mounted 
in back of the reflector the signal being supplied 
to the grid circuit through а tuned transmission 
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line. Comparison with a crystal detector show- 
ed that the output was about ten times as 
great, but due to inherent noise in the tube the 
maximum sensitivity was about the same. 

Successful telephone communication was car- 
ried on at a distance of one mile at which dis- 
tance the field strength was sufficient to indicate 
a possible range of several miles. 


Мо 4]. — An electron oscillator with plane elec- 
trodes, by B. J. THomrson and P. D. Zorrv, 
Research and Development Laboratory R. C. 
A. Radiotron Co (!). 


It is well known that three-electrode therm- 
ionie vacuum tubes of cylindrical symmetry 
are capable of producing high-frequency oscil- 
lations of the Barkhausen-Kurz or Gill-Morrell 
types, in which the frequency is a function of 
electron transit time, but that modified parallel- 
plane structures, such as those having V- or 
W-type filaments are usually incapable of such 
oscillations. This difference is tentatively attri- 
buted to the lack of equal outgoing and return- 
ing electron paths in the flat structures. Struc- 
tures designed to produce such equality of 
paths are described in which the cathode consists 
of а W-type thoriated tungsten filament, with 
а plane grid and plate on one side of the cathode 
and a single plate, called а backing plate, on 
the other. All these plane electrodes are 
mutually parallel. 

When the grid is operated at a positive 
potential and the two plates at negative poten- 
tials, and а parallel-wire system is connected 
between the two plates, oscillations are produced. 
It is found that the backing plate must be at a 
negative potential and that there is an optimum 
value of this potential which is a function of the 
grid potential. It is observed that oscillations 


. are readily produced with space-charge-limited 


emission, contrary to the usual behavior of 
cylindrical Barkhausen-Kurz tubes. It is fur- 
ther observed that only mode of oscillation is 
obtained with these tubes. 


(!) Proc. Instit, Radio Eng., Déc. 1931. 
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Sirce only a narrow range of frequencies may 
be produced at a given grid voltage, and since 
the output and frequency are relatively inde- 
pendent of cathode temperature, it appears that 
these four-electrode tubes should be unusually 
stable as electron oscillators. 

A tube of small dimensions incorporating a 
backing plate is described which produced 
oscillations at a wavelength of less than 10 ст 
at а grid potential of 150 volts and a grid input 
power of 3 watts. 


No 42. — Radio frequency standards, by E. L. 
HALL, V. E. HEATON, and E. G. LAPHAM 
National Bureau of Standards. 


The paper is divided into three sections : the 
primary frequency standard, standard fre- 
quency emissions, and monitoring the standard 
frequency emissions. 


The primary frequency standard consists of 
two independent groups of piezo oscillators. 
Section I consists of four piezo oscillators 
with frequencies of 100 ke/s. Section II has two 
piezo oscillators, one with а frequency of 
100 ke/s and the other 200 kc/s, from which 
а 100 kc/s output is obtained by means of 
а submultiple generator. The absolute frequency 
of one of the units of each section is checked 
daily against the Arlington time signals by a 
synchronous motor clock driven by the 100th 
submultiple of the frequency of the controlling 
unit. Daily measurements provide a check on 
the frequency variations of the standard over 
an extended period. Frequency variations over 
short intervals are shown by an automatic 
recorder of the frequency difference between 
one of the units of section I and each of the 
other five units. 


The National Bureau of Standards has trans- 
mitted standard frequencies from 1923 to date. 
Previous to 1931, a group of several frequencies 
was transmitted and a schedule of several 
groups announced. These emissions included 
frequencies from 75 to 10.000 ke/s. In 1931 
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5.000 kc/s emissions were started providing 
two-hour emissions, both day and night, every 
Tuesday. The transmitter is controlled by a 
200 kc/s quartz plate kept at а constant tem- 
perature. These emissions have been success- 
fully received and used for checking frequency 
standards throughout the United States. Mea- 
surements have been made and reported by 
several European countries, South America, 
and Australia. Measurements upon these emis- 
sions by the National Physical Laboratory of 
England show agreement between the two 
national standards to a part in ten million. 

The emissions are monitored continuously at 
a distance of 20 kilometres in terms of one or 
more units of the national primary standard 
of frequency. The recieved frequency is com- 
pared with the 50th or 100th harmonic of the 
primary standard, which results in a frequency 
difference of ] to5cycles persecond. Frequency 
deviation smaller than а part in а hundred 
million can easily be measured (!). 


No 43. — A high frequency electrodynamic 
ammeter, by H. M. TURNER and P. C. MICHEL. 


The object of this development is to providee 
an independent method of checking thermo- 
couple instruments at frequencies up to one 
hundred megacycles and higher. 


Description. — Тће ammeter may be thought 
of as а special type of air-cored transformer 
consisting of a vertically mounted, single turn, 
primary which carries the current to be measu- 
red and а smaller vertically suspended, closed 
turn or ring, secondary. The quartz suspen- 
sion and secondary ring are shielded from 
external air currents by a glass tube terminating 
in a spherical bulb with provision for inserting 
the ring after which it is resealed. To prevent 
excessive damping of the ring during measu- 
rement there should be a clearance of at least 
one-half centimetre between it and the bulb. 


(1) To be published in the Bureau of Standards Journ. 
of Research. 
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Theory. — At high frequencies the primary 
and secondary currents are opposite in phase. 
The interaction of the resulting fields is such 
as to rotate the secondary into a position of zero 
coupling perpendicular to the plane of the 
primary where motion would cease were it not 
for the kinetic energy of the ring which carries 
it beyond where the direction of the torque is 
reversed and torsional oscillations occur about 
the vertical diameter of the secondary coil. 
The reaction of the secondary on the primary is 
negligible if its maximum departure from the 
perpendicular does not exceed ten degrees. 
The free period of the ring with zero primary 
current is forty seconds indicates a small suspen- 
sion torque. 

The unknow current, as determined by the 
ammeter, is independent of the wave form and 
frequency and its effective value is given by 
the equation 


I = КЕ 


where F is the mechanical frequency of torsional 
oscillation of the coil in the field of the current 
being measured. Тће constant k may be 
calculated from the physical dimensions of the 
ammeter circuit or measured at low frequencies, 
say one or two megacycles, with а thermo- 
ammeter of known accuracy. 


Мо 44. — Exposé des recherches récentes sur les 
oscillations non linéaires, par L. MANDELSTAM, 
N. PAPALEXI, А. ANDRONOW, S. CHAIKIN et 
А. WITT. 


Le rapport contient un exposé succinct des 
travaux sur les oscillations «non linéaires », 
effectués pendant ces derniéres années par 
l'Institut de Physique de l'Université de Moscou, 
le Radio-Laboratoire Central, l'Institut d'Elec- 
trophysique de Léningrad et l'Université de 
Gorki. Ces travaux se rattachent à la théorie 
des systémes non linéaires, basée sur les métho- 
des de Poincaré et Liapounov et traitent des 
sujets suivants : 1) Représentation géométrique 
de la conduite d’un système oscillant; plan de 
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phase; points singuliers; cycles limites de 
Poincaré. 2) Méthodes quantitatives approchées 
d'étude des systémes non linéaires; étude des 
équations « tronquées » de van der Pol. 3) Con- 
duite du systéme en cas de variation d'un 
paramétre. Exemple : systémes à excitation 
« douce » et « brusque ». 4) Systémes autonomes: 
étude des systémes donnant des oscillations 
de relaxation; phénoménes oscillatoires dis- 
continus; conditions de discontinuité; para- 
métres parasites ; cas où ils ont une importance 
essentielle dans les questions de stabilité ; 
systémes auto-oscillatoires à paramétres dis- 
tribués. 5) Action d'une force extérieure sur 
un système auto-oscillatoire ; synchronisation 
forcée en cas de fréquences voisines ou multi- 
ples ; analyse détaillée des phénomènes qui ont 
lieu dans le voisinage de la « bande de synchro- 
nisation »; synchronisation forcée sur des fré- 
quences «combinatoires » 6) Phénomènes de 
résonance de n™€ espèce (il s’agit de phénomènes 
de résonance qui se produisent dans un système 
non amorcé sous l’action d’une f. e. m. dont 
la fréquence est un multiple entier de sa fré- 
quence propre) : théorie du phénomène ct 
résultats expérimentaux pour la résonance de 
2me espèce; possibilité d'utiliser le résonance 
de 2™e espèce pour combattre les brouillages 
atmosphériques (filtres sélectifs autoparamé- 
triques) ; excitation asynchrone. 7) Excitation 
paramétrique : théorie de l'excitation d'oscilla- 
tions sans f. e. m., par variation périodique des 
paramétres du systéme; descriptions d'expé- 
riences dans lesquelles des oscillations sont 
excitées par variation périodique de la self- 
induction ou de la capacité d'un circuit (puis- 
sance utilisable : quleques KW dans le cas de la 
self-induction); oscillations forcées dans les 
systémes à paramétres variables; résonance 
généralisée dans les systèmes dont les paramètres 
varient périodiquement ; phénomènes de « regé- 
nération paramétrique »; oscillations de systé- 
mes couplés paramétriquement (pendule élas- 
tique, transformateur paramétrique). 9) Etude 
des phénoménes statiques qui ont lieu dans 
les systémes dynamiques. 
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Ne 45. — Measurement of ionosphere layer 
heights and correlation with other geophysical 
and eosmie data, by Prof. E. V. APPLETON. — 
(Full text). | 


In the absence of data derived from measu- 
rements ст situ, such as are possible for the 
lower strata of the atmosphere, information 
concerning the nature of the ionosphere (80 km 
and above) is derived from ground observations 
on (1) terrestrial magnetism (2), luminous mani- 
festations such as the aurorae, meteorites eto., 
and (3) wireless wave exploration. Although 
the first indication of pronounced upper-atmo- 
sphere ionisation came from (1), the prosecution 
of (3) has proved, on the whole, the most fruitful. 
Wireless methods possess the marked advantage 
in that an exploration can be made at any time 
and it is not necessary to wait for natural 
sequences or irregularities. 

Wireless exploration consists in projecting 
waves (usually) vertically upwards and noting 
the characteristics of the reflected energy. The 
quantities measurable are (a) the time of flight 
on the up and down journey (5) the polarisation 
and phase changes, and (c) the intensity of the 
returned waves. Each type of measurement 
has been made to yield information. From 
measurements of (a) at different wave-lengths 
the somewhat complicated structure of the 
ionosphere has been broadly worked out an its 
temporal variations studied. From (b) conclu- 
sive evidence has been derived that free elec- 
trons exist throughout the whole of the iono- 
sphere and are the active electrical agents in 
causing the deviation of the waves, while 
from (c) the frictional effect of air pressure on 
the free electrons may be estimated. 


REGULAR FEATURES. — The ionosphere is 
divided into two main divisions. Region E 
at an equivalent height of 100 km. and Region 
F at an equivalent height of 250 km. and above. 
In both regions the ionisation is replenished 
daily at a rate dependent on solar altitude and 
during the night steadily decreases. (During the 
day a lower «shelf » is also formed on the mains 
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Region F). 'The diurnal and seasonal varia- 
tions are such as can be explained by assuming 
solar ultra-violet light as the ionising agency 
and recombination of electrons and ions as the 
dissipative influence. 


IRREGULAR FEATURES. — (А) There is often 
formed a thin reflecting sheet of ionisation 
about the height of Region E. This may occur 
by day or night. Possible influences to be 
discussed in connection with the origin of this 
« abnormal Region E » are : 

(1) Extraneous ionising agencies (e. g. solar 
corpuscles and terrestrial thunderstorms). 

(2) Horizontal motion of ionisation from 
more densely ionised regions by winds or 
diffusion. The coefficient of lateral diffusion 
may be shown to be a maximum at about 
100 km. 

(3) Readjustment of ionisation already pre- 
sent due to tidal or thermal influence, bringing 
about a sharper gradient of refractive index 
at a particular level and thus giving rise to 
quasi-reflection as distinct from the normal 
deviating process. 

(B) The maximum ionisation content in 
Region F is often found to increase during the 
night. Possible influences to be considered are: 

(1) A nocturnal ionising agency. 

(2) Readjustment of ionisation distribution 
due to cooling and shrinking of the atmosphere 
causing an increased electron concentration. 

(C) Occasionally there are found subsidiary 
regions of ionisation (1) between Regions E and 
F, and (2) above the main Region F. These 
have been noted at both the Slough Radio 
Research Station. and at the Halley Stewart 
Laboratory, Hampstead. 


SUGGESTIONS FOR INTERNATIONAL CO-OPERA- 
TION. — It is suggested that, from the point of 
view of international exchange of data (URSI- 
grams, etc.) it is preferable to express the date 
in terms of critical penetration frequencies 
than in equivalent heigths of reflection. In 
this way it is possible to apply the method of 
measuring maximum ionisation densities pre- 
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viously described (!) and which has now been 
adopted in a number of participating countries. 


Мо 46. — Report of the British National Commit- 
tee to Commission II on investigations of the 
propagation of waves carried out in Great 
Britain from April 1981 to June 1984, by 
R. L. SMrrH-RosE, National Physical Labo- 
ratory. — (Full text). 


Investigations into the mode of propagation 
of electric waves over the earth's surface and 
through the ionosphere have been continued 
in Great Britain on an extensive scale during 
the past three years. Much of this work has 
been carried out under the auspices of the 
Radio Research Board established under the 
Department of Scientific and Industrial Re- 
search. In addition, members of the staffs of 
the British Post Office, the British Broadcasting 
Corporation and Marconi's Wireless Telegraph 
Company, Ltd., have described the results of 
their research on propagation problems where 
this was necessary in connection with their 
particular work on radio communication. In- 
vestigators at various Universities have also 
carried out work on some scientific aspects of 
the propagation of waves. 

A summary of this work is conveniently 
divisible into the following sections : 

(A) The radiation of waves from antennae. 

(B) The propagation of waves along the ground 
and the effect thereon of the electrical 
constants of the earth. 

(C) The propagation of waves through the 
upper atmosphere. 

(D) The propagation of ultra-short waves 
through the lower atmosphere. 

(E) The behaviour of direction-finding installa- 
tions and the application of the results to 
propagation problems. 

The following survey represents а very brief 
summary of this work under the above classi- 
fication. А bibliography is attached to this 


(! Nature, Feb. 7, 1931, and Proc. Коу. Soc. Л., 137, 
pp. 36, 1932. 
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Report giving direct references to the main 
papers which have been published in British 
Journals on the subject. Limitations of space 
have necessitated the omission of much subsi- 
diary work, reference to which, however, will 
usually be found in the papers quoted. 


A) THE RADIATION OF WAVES FROM ANTEN- 
NAE. — The modern development of antenna 
arrays for use in the directive systems of radio 
communication has drawn attention to the 
need for studying the mechanism of the radia- 
tion in the immediate neighbourhood of the 
aerial. One contribution to this subject made 
by J. A. Ratcliffe, L. G. Vedy and A. F. Wil- 
kins (!) describes an experimental investigation 
of the variation with distance of the electric 
and magnetic fields in waves radiated from a 
Source which approximates to a Hertzian dipole. 
On а wavelength of 1,000 m. the results were 
found to agree with theory at distances down 
to 0.01 4 from the aerial. The absorption and 
re-radiation of energy by а receiving aerial has 
also been studied by Ratcliffe (*) and, using 
long waves, agreement was obtained with the 
ordinary theory. The properties of an earthed 
receiving aerial with uniformly distributed cons- 
tants has been investigated theoretically and ex- 
perimentally by F. M. Colebrook (3). The theoreti- 
cal formulae for the resistance and reactance of 
an aerial of any length were verified by experimen- 
tal measurements for а typicalcase. The current 
distribution in a receiving aerial was shown to 
depend upon the distribution of the exciting 
field, and in some cases, to be totally different 
from the distribution in a transmitting aerial 
of the same height. Current nodes in a recei- 
ving aerial may be any distance apart from 0 
to À, and are not necessarily separated by half 


(!) J. A. RarcLirrE, L. G. VEDY and А. F. WILKINS, 
The Spreading of Electrogmatnetic Waves from a 
Hertzian Dipole. Journ. Inst. Ing., 1982, vol 70, 522. 

(2) J. A. RarcLirrE, The Absorption of Energy by 
a Wireless Aerial. Proc..Camb. Phil. Soc., 1931, vol. 27. 
588. | 

(з) Е. M. CorEBRook. An Experimental and Analy- 
tical Investigation of Earthed Receiving Acrials. Journ. 
Inst. Elect. Eng., 1932, vol. 71, 235. 
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a wavelength as in a transmitting aerial with 
a point source of excitation. J. S. McPetrie (!) 
has extended his former work on the determi- 
nation of the electric field in the neighbourhood 
of an aerial by taking into account the effect of 
the conductivity and dielectric constant of the 
earth. In the paper to which reference is 
made, a formula was deduced by means of which 
the field can be calculated at various distances 
from an aerial carrying а known current distri- 
bution. 

А considerable amount of research on and 
development of antenna arrays for long-distance 
beam communication has been carried out by 
the British Post Office, and the results obtained 
have been described in papers published by 
T. Walmsley (?). Particular attention has been 
paid to the economic advantages of a specially- 
devised array with horizontal radiations, and 
the losses in the associated transmission lines 
have been studied and reduced to the minimum, 

Measurements have been made of the best 
angle of projection of beams of radiation for 
various point-to-point communication services, 
and arrays have been designed to emit the axis 
of the main lobe of radiation in this direction. 
The cost of array systems rises rapidly not only 
with increase in the wavelength, but also with 
an increase in the angle to the vertical at which 
the radio energy is required to be projected or 
received. А new type of directive array has 
also been devised (3), in which the dimensions 
of the radiators are graded to facilitate their 
matching at the various points of connection to 
the transmission line. The Marconi Company 
has cooperated with the Post Office in studying 
the polar distribution of energy in a beam at & 
considerable distance from the source. The 
results obtained have been described by T. L. 


(! J. S. McPrrniE. А Method for Determining the 
Effect of the Earth on the Radiation from Aerial Systems. 
Journ. Inst. Elect. Eng., 1932, vol. 70, 882. 

(2) T. WALMSLEY, An Investigation into the Factors 
controlling the Economic Design of Beam Arrays. Journ. 
Inst. Elect. Eng., 1934, vol. 74, 513. 

(°) T. WALMSLEY, А New Type of Directive Aerial. 
Wireless Eng., 1932, vol. 9, 622. 
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Eckersley (!) who demonstrated the lateral 
deviation of the waves particularly when these 
cross the sunset boundary. It is considered pro- 


bable that the explanation of this deviation if 


that there are horizontal as well as vertical 
gradients of ionisation in the portion of the 
atmosphere through which the waves travel. 
An antenna of cylindrical parabolic form has 
been developed and used by G. Marconi (*) 
in his work on the practical utilisation of very 
short waves of about 50 ст. wavelength. The 
increased application of wavelengths of a few 
metres has necessitated fresh investigation of 
certain problems in which the dimensions of the 
transmitting or receiving system was formerly 
assumed to be negligible compared with the 
wave-length. In this field, L. S. Palmer (3) 
has studied the action of frame aerials at wave- 
lengths below 10 metres. When the length 
of side of such a frame approaches or exceeds 
half the wavelength, certain dimensions of the 
perimeter have to be obtained if the optimum 
conditions of reception are to be fulfilled. The 
similar problem of the action of a tuned rectan- 
gular frame when transmitting short waves has 
also been studied (t); and experiments have 
shown that & variation of the frame-dimensions 
affects both the frame current and the radia- 
tion (5) In the papers referred to, the author 
has given а theoretical explanation of the 
observed results. 


B) THE PROPAGATION OF WAVES ALONG THE 
GROUND AND THE EFFECT THEREON OF THE 
ELECTRICAL CONSTANTS OF THE EARTH. — Dur- 


(! T. L. EckEnLsEv, Experimental and Theoretical 
Study of the Polar Distribution of Energy in a Beam at 
Great Distance from the Sender. Marconi Rev., n° 48, 1. 

(2) С. Marconi, Radio Communication by Means of 
Very Short Electric Waves. Proc. Roy. Inst., 1982, vol. 27, 
509 and W'orld Radio, 1932, vol. 15, 1314, 1846 and 1379. 

(3) L. S. Parmer, On the Action of Tuned Rectangular 
Frames when Receiving Short Waves. Proc. Roy. Soc., 
1932, vol. 136, 193. 

(4) L. S. РАМЕК and D. Таугок, The Action of a 
Tuned Rectangular Frame Aerial when transmitting 
Short Waves. Proc. Phys. Soc., 1934, vol. 46, 62. 

(5) L. S. Parmer. D. Taytor and R. Wrrrv, The 
Current Distribution round a Short Wave Frame Acrial. 
Proc. Phys. Soc., 1934, vol. 46, 76. 
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ing the period under review, it appears that 
published work in this country on the effect of 
the ground on wave propagation has been 
confined to investigations conducted by the 
Radio Research Board. Amongst these, 
R. Naismith (!) has described the results of an 
intensive survey of the field intensity in Devon 
and Cornwall of signals from the Daventry 
(5X X) transmitting station. The experimental 
measurements showed that abnormal wave 
attenuation effects were observed. The precise 
cause of these effects was not definitely located 
but may have been either the hilly nature of the 
country or the low conductivity of the ground, 
which is of à stony, granite or slate nature in 
that locality. The general study of the atte- 
nuation of waves over land, which has been 
described in previous reports, was extended to 
experimental work on wave-lengths of the order 
of 20 metres, an account of which has been 
published by G. H. Munro (?). For a series of 
measurements carried out on suitable sites in 
the South-East of England, the results show that 
at distances from the transmitter in excess of 
2 miles, the decrease in field intensity was 
approximately proportional to the inverse 
square of the distance as would be expected 
from the theory of Sommerfeld. For shorter 
distances, however, the attenuation appeared 
to be much less than that predicted by theory, 
a result which was attributed to penetration 
of the waves to layers of greater conductivity 
below the surface. In all cases, marked changes 
in intensity and attenuation were found to occur 
with apparently slight changes in the nature of 
the surface and in the slope of the ground. 
On the much shorter wave-lengths of 1.6 m. 
the propagation of the waves along the ground 
has been studied by R. L. Smith-Rose and 
J. S. McPetrie (+), who have carried out relative 


(1) R. NaiswrrH, Field Strengh Measurements оп 
Daventry 5XX. Journ. Inst. Elect. Eng., 1981, vol. 69, 881 

(2) С. H. Munro, The Attenuation of Short Wireless 
Waves on the Surface of the Earth. Journ. Inst. Elect. 
Eng., 1932, vol. 71, 135. 

(8) R. L. Smitu-Rose and J. S. MACPETRIE, The Pro- 
pagation along the Earth of Radio Waves on a Wave- 
length of 1.6 metre. Proc. Phys. Soc., 1982, vol. 40. 
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field strength measurements at distances up to 
about 20 wave-lengths from the source. At 
such а short wave-length the heights above the 
ground of both transmitter and receiver exercise 
a large influence upon the received field intensity, 
and interference effects are experienced between 
the direct wave from transmitter to receiver 
and the indirect wave which arrives at the 
receiver after reflection from the surface of the 
ground. From a study of such interference 
curves the electrical constants of the ground 
can be deduced for the wave-length in use, 
For this purpose, McPetrie has improved upon 
the method by arranging the transmitter verti- 
cally above the receiver so that the reflection 
coefficient of the ground is measured for waves 
at normal incidence, and a recently published 
paper (') gives the results obtained in this 
manner at wave-lengths of 1.5 and 0.5 m. 
The values of conductivity and dielectric cons- 
tant of the ground so deduced have been par- 
tially confirmed by laboratory measurements in 
the same wave-length range (?). 


The propagation of electric waves to conside- 
rable distances over а semi-conducting spherical 
surface has been investigated recently by T. L. 
Eckersley (°), who has applied a phase integral 
method to obtain a suitable diffraction formula. 
This is an important advance on Watson’s 
original diffraction formula which is only appli- 
cable to а perfectly conducting earth. In order 


to illustrate the effectiveness of the new formula, 


Eckerlsey has utilised the results of field inten- 
sity measurements made on the Warsaw broad- 
casting station (*), which is situated on a flat 


(1) J. S. McPetrrr, A Determination of the Electrical 
Constants of the Earth's Surface at Wave-lengths of 
1.5 and 0.46 m. Proc. Phys. Soc., 1984, vol. 40. 

(?) R. L. Ѕмітн-Коѕе and J. S. McPerrie, The Mea- 
surements of the Electrical Constants of Soil by a Lecher 
Wire Method at a Wave-length of 1.5 m. Proc. Phys. 
Soc., 1984, 46. 

(з) T. L. EckEnsLEv, Radio Transmission Problems 
Treated by Phase Integral Methods. Proc. Roy. Soc., 
1982, vol. 136, 499. 

(4) T. L. EckEnsrEv, Note on the Field Intensity of 
the Marconi Broadcasting Station Erected at Warsaw. 
Marconi Rev., 1932, по 88, 20, 
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uniformly conducting site, and operates on a 
wave-length of 1400 m. The measured field 
intensities at distances from 100 to 500 kilo- 
metres are in good agreement with the values 
calculated theoretically on the basis of a ground 
conductivity of about 108 e. s. u. No such 
agreement could be obtained with either Wat- 
son's original diffraction formula, or with Som- 
merfeld's formula which takes into account the 
earth's conductivity. Confirmation of the accu- 
racy of Eckersley's modified diffraction formula 
has also been obtained in measurements by 
the British Broadcasting Corporation of the field 
intensity of the Daventry broadcasting station 
at distances up to 700 kilometres. "These results 
definitely support the view that diffraction is 
the controlling factor in long distance long wave 
(1,000 to 2,000 m.) daylight broadcasting. 


C) THE PROPAGATION OF WAVES THROUGH 
THE UPPER ATMOSPHERE. — Investigations of 
the mode of propagation of electric waves 
through the electrified portions of the upper 
atmosphere, nowadays termed the ionosphere, 
have been continued on an extensive scale in 
England during the past three years. The та- 
jority of this work has been conducted under 
the auspices of the Radio Research Board by 
Professor E. V. Appleton (of the Halley-Ste- 
wart Laboratory), in cooperation with the staff 
of the National Physical Laboratory at Ted- 
dington and Slough. In addition to the work 


carried out in England, the above organisation 


equipped an expedition to Norway and conduct- 
ed a detailed investigation of the propagation 
of waves in Northern Latitudes during the 
International Polar Year from August 1932 to 
August 1933. Other investigations on this 
subject have been made by Mr. J. A. Ratcliffe 
and his colleagues at the Cavendish Laboratory, 
Cambridge, and by Mr. T. L. Eckersley of the 
Marconi Company. 

The results of all this work have been des- 
cribed in papers published in the Proceedings 
of the Royal Society, the Physical Society, the 
Cambridge Philosophical Society, and the Jour- 
nal of the Institution of Electrical Engineers, 


while in addition a number of contributions 
have been made in the form of letters to Nature. 
А useful meeting was held at the Royal Society 
in June 1933 at which the present state of 
knowledge on the ionosphere was discussed by 
the leading investigators (!) while in 1932 
Professor Appleton summarised much of this 
own work on the subject in a lecture before the 
Institution of Electrical Engineers (?). 


1. Methods employed by the Radio Research 
Board. — The method adopted by Appleton 
and the Radio Research Board's organisation 
in this investigation consists in sounding the 
ionosphere vertically above the observing sta- 
tion by projecting electric waves at approxima- 
tely vertical incidence. The waves are modu- 
lated either in amplitude (as in the pulse me- 
thod) or in frequency (as in the frequency- 
change method) and their return time of travel 
between the ground and the ionosphere yields 
a variety of information. The relative advan- 
tages of these two methods have been discussed 
by E. V. Appleton and G. Builder (3) in а paper, 
which also contains an account of а simple 
arrangement for producing the short pulses of 
radio frequency energy required of the first 
method. So far as actual accuracy is concerned 
there is little to choose between the two methods 
but when the downcoming waves are weak com- 
pared with the ground waves, the frequency- 
change method is found to be considerably more 
sensitive, and it is thus particularly suitable for 
carrying out experiments over a large range of 
wave-lengths. On the other hand the pulse 
possesses very great advantages when used 
under conditions in which multiple-echo signal 
are obtained. Also in the modern development 
of the experimental technique, involving the 
use of a cathode-ray oscillograph (t) with the 


(!) E. V. APPLETON and others, Meeting for Discussion 
on the Ionosphere. Proc. Roy. Soc. 4., 1933, vol. 144, 697. 

(?) E. V. APPLETON. Wircless Studies of the Ionosphere. 
Journ, Inst. Elect. Eng., 1932, vol. 71, 642. 

(3) E. V. APPLETON and G. BurrLpEn, Wireless Echoes 
of Short Delav. Proc. Phys. Soc., 1982, vol. 41, 76. 

(3 R. A. Warsov-Warr, J. F. Herp апа L. H. 
BaINBRIDGE-BELL, The Cathode Ray Oscillograph in 
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time-base synchronised with the emitting sta- 
tion, the pulse method facilitates the production 
of а quasi-stationary picture of the received 
signals, which is admirably suited for photo- 
graphic registration. It has previously been 
shown on theoretical grounds that the two me- 
thods measure the same physical quantity, 
which is conveniently termed the equivalent 
height of the ionised layer at which the upgoing 
waves are returned to earth. Experimental 
confirmation of this point under a variety of 
conditions has more recently been provided by 
R. Naismith ('). 

2. General study of Ionosphere. — As a result 
of investigations previously recorded, it has 
been shown that there exist in the upper at- 
mosphere two main ionised regions from which 
electric waves are reflected. The lower of these 
is termed the Kennely-Heaviside Layer or E 
region, while the upper is now known as the 
Appleton Layer or F region. The latter has 
been shown to be richer in ionisation than the 
former, so that waves which penetrate the lower 
layer may still be reflected back to earth from 
the upper layer. As stated above, the majo- 
rity of the work at present under discussion 
deals with the projection of waves vertically 
upwards from the earth into the atmosphere. 
It is reasonable to assume that reflection at 
vertical incidence on an ionised layer occurs at 
a place where the refractive index tends to zero. 
Then, since the expresion for the refractive 
index, in terms of the frequency of the waves 
and the ionisation density, is known, an obser- 
vation of the lowest wave frequency which 
will just penetrate an ionised region will provide 
a measure of the ionisation density in the region 
in question. Experiments carried out on this 
basis have been described by Appleton and 


Radio Research; published by H. M. Stationery Office, 
London, 1933. 


(1) R. NarsurrH, A Comparison of the Frequency- 
change and Group-Retardation Methods of Measuring 
Ionised-Layer Equivalent Heights. Proc. Phys. Soc. 
1982, vol. 45, 235. 
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Naismith (!). Measurements of the equivalent 
height of reflection were made at approximately 
vertical incidence for а range of wave-lengths 
from 500 to 50 metres (frequencies 0.6 to 6.0 
megacycles per second). It was found that 
at а certain critical frequency the equivalent 
height of the reflecting layer suddenly increased 
from a value of about 100 kilometres for the 
long waves to two or three times this amount 
for shorter waves, indicating that the point of 
reflection had changed from region E to region F 
at this critical frequency. This critical pene- 
tration frequency is found to vary diurnally and 
seasonally, and from measurements made in 
South-East England over a period of nearly 
two years (January 1931 to November 1932), 
the variation in the maximum ionisation con- 
tent of the Kennelly-Heaviside layer has been 
studied in some detail (2). The value of this 
ionisation was found to be at а maximum about 
noon and at & minimum just before dawn. 
The diurnal variation curves were found to 
correspond very closely to the theoretical curves 
obtained by S. Chapman in his study of at- 
mospheric ionisation produced by a solar stream 
of monochromatic radiation. Summer noon 
ionisation has been found to be 2.2 times as 
intense as Winter noon ionisation, the density 
of electrons per c. c. in the latter case being of 
the order of 1.8 x 10*. It was also found that 
in 1932 the ionisation was somewhat less intense 
than in 1931, the reduction being attributed to 
the approach of a sunspot minimum. The diur- 
nal variation curves definitely indicate that the 
chief agency responsible for the ionisation is of 
solar origin and travels through the atmo- 
sphere in straight lines, and observations carried 
out during recent solar eclipses lead to the 
conclusion that this agency is ultra-violet light. 
It is possbile, however, that thunderstorms 


(1) E. V. APPLETON and R. Naismith, Measurements 
of Upper-Atmosphere Ionisation. Proc. Roy. Soc. 4., 1932, 
vol. 137, 36. 

(2) E. V. APPLETON and R. NaiswiTH, Weekly Mea- 
surements of Upper-Atmosphere Ionisation. Proc. Phys. 
Soc., 1988, vol. 45, 889. 
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constitue а subsidiary cause of upper-atmo- 
spheric ionisation as previously sugested by 
C. T. R. Wilson (!). 

In a manner similar to that described above, 
the ionisation of the upper layer or F region 
can be investigated by ascertaining the lowest 
frequeney of waves which will just penetrate 
both regions at normal incidence. Experiments 
made in this manner have shown that the noon 
ionisation in Region F is nearly 4 times that in 
Region E, having a value of about 6 x 10 
electrons per c.c. Neither the diurnal nor 
seasonal variation of Region F is as marked as 
that of Region E, the ratio of summer to 
winter day-time ionisation being about 1.5 to 
1.8 for the former as against 2.2 in the latter 
case. The maximum of Region E ionisation is 
reached at a height of about 100 kilometres 
above the ground ; the height of the correspon- 
ding Region F maximum is much more difficult 
to estimate but is probably about 200 kilo- 
metres. 

Working on somewhat similar lines to those 
described above, J. A. Ratcliffe and E. L. C. 
White (?) have developed at Cambridge, appa- 
ratus for the continuous automatic recording 
on а single frequency of the equivalent height 
of the ionised layer using а pulse emitter. Re- 
cords taken on frequencies of 2 and 4 mega- 
cycles per second (wave-lengths 75 and 150 m) 
show that an abnormal increase of ionisation 
frequently occurs in the E region during the 
hours of darkness, without a corresponding in- 
crease in the upper of F Region. This is 
possibly due to the ionising action of storm 
clouds as already suggested by C. T. R. Wilson. 


3. Polarisation of Echo-Waves. — During the 
investigations described above it was noticed 
on some of the records that the pulse echoes 
sometimes contained two components (?) dif- 
fering slightly in their time of arrival and thus in 


(!) See (1) p. 156. 

(2) J. A. RATCLIFFE and E. L. C. WHITE, An Automatic 
Recording Method for Wireless Investigations of the 
Ionosphere. Proc. Phys. Soc., 1933, vol. 45, 399. 

(3) Sec (3), p. 156 and (2). p. 158. 
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the equivalent paths which they had pursued. 
This phenomenon was first observed several 
years before, using the frequency-change me- 
thod, but it has since been studied in greater 
detail by the pulse method. Special receiving 
arrangements were devised to test the nature of 
the polarisation of the doublet-components 
and, as was surmised, it was found that these 
components represented arriving waves which 
were elliptically or circularly polarised in oppo- 
site senses, the component of lesser delay being 
in general of right-handed and the one of greater 
delay being of left-handed polarisation (!). 
The diurnal study of this phenomenon has shown 
that a greater concentration of electrons is 
required to secure the return of the longer-delay 
component than is required for the component 
of shorter-delay. Each of these components 
may, after reflection from the earth, be returned 
from the ionised layer a second time, giving 
two additional echoes. No further splitting 
takes place, however, indicating that the pola- 
risation of the incident waves is different from 
that of the waves incident on the layer at the 
first reflection; in fact the wave polarisations 
on the second incidence are such that the 
waves travel without change within the ionised 
medium. All these results are consistent with 
the magneto-ionic theory, which takes account 
of the earth's magnetic field on the passage of 
waves through theionosphere. Except in cer- 
tain special cireumstances, the order of arrival 
of the components, as stated above, should 
prevail throughout the Northern Hemisphere. 
The predicted reversal of the order in the Sou- 
thern Hemisphere has since been verified by 
investigations conducted by the Australian 
Radio Research Board (?) Quite recently, 
Appleton (?) has made use of measurements of 


(1) See (4), p. 156and E. V. APPLETON and G. BUILDER; 
The Ionosphere as a Doubly-Refracting Medium. Proc. 
Phys. Soc., 1983. vol. 45, 208. 

(2) E. V. APPLETON, Polarisation of Downcoming 
Wireless Waves in the Southern Hemisphere. Nature, 
1931, vol. 128, 1017. 

(3 E. V. APPLETON, Radio Exploration of the Iono- 
sphere. Nature, 1934, vol. 183, 793. 
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the critical penetration frequencies of the two 
components polarised waves to estimate the 
intensity of the earth's magnetic field in the 
ionosphere, obtaining a value about 10 per cent 
less than its value at the ground. 

A receiver of somewhat different type, which 
makes it possible to discriminate between the 
right and left-hand circularly polarised com- 
ponents, has been constructed and used by 
Ratcliffe and White (!). This receiver was used 
to test several deductions from the magneto- 
ionie theory for а wave-length of 100 metres 
(frequency 3 megacycles persecond). Magneto- 
ionic effects were found in both the E and F 
regions, and the results indicate that electrons 
are responsible for the deviation of the waves 
in both regions. The apparatus was also em- 
ployed to investigate the downcoming waves 
from some British broadcasting stations (2). 
These waves were found in general to be ellip- 
tically polarised with a left-handed sense of 
rotation, & result which is in agreement with 
Appleton's magneto-ionic theory. 

Observations have been made by F. W. G. 
White (3) on the diurnal variation of waves 
reflected from the ionosphere during early 
morning periods from about 0200 to 0900 
G. M. T. In the course of this work it was 
found that double-component echoes were some- 
times obtained from the E region on a wave- 
length of 100 metres. The two components were 
comparable in intensity for a very short 
period during the morning, but during the 
greater part of the day a single component only 
was obtained from this region. 


4. The Fine Structure of the Ionosphere. — 
The next stage in the investigation was to 
explore the behaviour of the ionosphere with 


(1) J. A. RATCLIFFE and E. L. C. WurrE, The Effect 
of the Earth's Magnetie Field on the Propagation of 
Short Wireless Waves. Phil. Mag., 1988, vol. 16, 125. 

(2) J. A. RarcLirrE апа F. W. G. Мніте, The State 
of Polarisation of Downcoming Wireless Waves of Ме- 
dium Length. Phil. Mag., 1933, vol. 16, 423. 

(3) F. W.G. Унт, The Diurnal Variation of the In- 
tensity of Wireless Waves Reflected from the Ionosphere. 
Proc. Phys. Soc., 1984, vol. 46, 91. 
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incident waves varying over а wide frequency- 
range. Observations have been made of the 
equivalent path pursued by the waves in their 
journey between the ground and the ionosphere 
for wave-lengths from 150 to 43 m (frequencies 
between 2 and 7 megacycles per second). In 
all these experiments it has been possible to 
separate on arrival at the receiver, the two 
polarised components in the waves and this has 
brought forth a considerable increase in our 
knowledge of the ionised regions from which 
the waves are returned. А first description of 
this type of work has been published by 
Appleton (!), who shows that the results indi- 
cate the existence at certain times of maxima 
of ionisation density intermediate between the 
E and F regions. For daytime conditions, and 
more frequently in summer than in winter, 
evidence of the existence of а protuberance or 
«ledge» on region F is found, which most 
probably indicates that under direct solar 
influence this region is sometimes composite. 
Evidence of the existence of ionisation between 
regions E and F has also occasionally been 
obtained at noon ; so that the whole ionospheric 
configuration may be regarded as а composite 
structure of four component regions termed Е’, . 
E”, F’, F” at successively increasing equivalent 
heigths. From the point of view of practical 
radio communication it is generally sufficient to 
regard the ionosphere as divisible into two main 
regions, which are E' and F”. 

Additional experimental observations leading 
to the same general conclusions have been 
made by Ratcliffe and White (*) using а com- 
bination of the polarised wave discriminator and 
automatic recording apparatus previously des- 
cribed. Records made over a period of fourteen 
months, chiefly on the wave-lengths of 75 and 


(1) E. V. APPLETON, Fine Structure of the Ionosphere. 
Nature, 1933, vol. 131, 872; and On Two Methods of 
Ionospheric Investigation. Proc. Phys. Soc., 1933, vol. 45, 
673. 

(2) J. A. RarcLirFE and E. L. C. Wuite, Fine-Strue- 
ture of Ionosphere. Nature, 1933, vol. 131. 878 and 
Some Automatie Records of Wireless Waves Reflected 


. from the Ionosphere. Proc. Phys. Soc., 1984, vol. 46, 107. 
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150 metres (frequencies 4 and 2 megacycles per 
second), have generally confirmed the type of 
structure of the ionosphere depicted by Apple- 
ton; but in addition the results indicate the 
existence at night of a third ionisation maximum 
in the E region, at some 10 to 20 kilometres 
below the daytime position of the main E layer. 
This e-region, as it is termed, appears to be 
associated with the occurrence of magnetic 
disturbances or of thunderstorms. 


Information on the maximum electron den- 
sity in the atmosphere and on its seasonal varia- 
tion is likely to be obtained by observations on 
very short waves. Attention has been directed 
by R. A. Watson Watt (!) to the marked effect 
of winter conditions on the reception in En- 
gland of signals transmitted on the Rome- 
Sardinia radiotelephone channel on wave-length 
of 9.8 and 10.06 metres. During the years 
1931-1933, Wilkins’ observations failed to give 
any trace of signals from these stations between 
mid-October and about the end of April, 
although regular reception was experienced dur- 
ing the summer periods. А sharp change from 
summer to winter condition was found to occur 
simultaneously in long wave polarisation phe- 
nomena. 


5. Automatic Emission and Recording. — 
While, in the experimental work summarised 
above, photographie registration cf the received 
waves was employed, the exploration of the 
effects obtained on different wave-lengths or 
frequencies was carried out by manual oper- 
ation. It was found desirable to improve the 
technique of the measurements, first, by de- 
creasing to the minimum the time occupied in 
making a measurement of equivalent height or 
ionisation density, and secondly, by operating 
continuously over а wide frequency change. 
To this end, equipment was developed by means 
of which the frequency of the source can be 
increased continuously over the working range 


(1) К. A. WarsoN-Warr, Winter in the Ionosphere. 
Nature, 1932, vol. 129, 761. 
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while pulses are being emitted. At the same 
time the tuning of the receiver is varied so as 
to be constantly in tune with the arriving waves. 
By this means determinations can be made of 
thestateofionisation in the atmosphere vertically 
above the observer over а range of frequencies 
from to 1 and 6 megacycles per second (wave- 
lengths 300 to 50 metres) in а period of time of 
the order of two minutes. Such an equipment 
was used during the International Polar Year 
Programme in Norway, and a typical record 
obtained by this means has been published by 
Naismith (!) Automatic recording apparatus 
is now in constant use at the Radio Research 
Station for the purpose of obtaining records 
suitable for a statistical study of the properties 
of the ionosphere under a variety of conditions. 


6. Observations during the Polar Year 1932-33. 
— In connection with the International Polar 
Year 1932-33 а party of British workers under 
the auspices of the Radio Research Board made 
a series of wireless observations at Tromsó in 
Norway, using а sending station specially 
erected at a distance of about 20 kilometres. 
The main objective of this expedition was to 
obtain а comparison of ionospheric measure- 
ments in high latitudes with those previously 
obtained in the South-East of England. While 
а complete account of this particular work 
must await the reduction of the numerous obser- 
vations recorded, a brief summary of certain 
results has already been published (*?). In the 
first place а greater distinction was experienced 
in Norway between magnetically quiet and 
disturbed days than is the case in England, this 
obviously being due to the greater magnitude 
of the magnetic disturbances themselves and 
the consequent changes in ionisation. For un- 
disturbed conditions there are usually the two 
reflecting regions which have been observed in 
England. While the normal daily maximum 


(1) R. Natsmiru, Methods of Ionospherie Ionisation. 
Nature, 1934, vol. 133, 66. 

(2) E. V. APPLETON, R. NAISMITH and G. BUILDER. 
Ionospheric Investigations in High Latitudes. Nature. 


. 1933, vol. 132, 340. 
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ionisation content is less in Norway than in 
England, the seasonal variation is greater. One 
of the most remarkable features of the results 
has been the frequent occurrence of disturbed 
conditions. During conditions of intense ma- 
gnetic activity а complete cessation of echoes 
was found on all wave-lengths from 30 to 
500 metres. This phenomenon cannot be due 
to electron limitation and is therefore to be 
attributed to absorption of the waves by the 
production of ionisation in the lower regions of 
the atmosphere. It is considered that in order 
to account for the wireless phenomena in high 
latitudes it will be necessary to take into ac- 
count the influence of ionising charged particles, 
as well as the normal influence of ultra-violet 
light. (A more detailed report of the work 
of the British investigators on special radio 
problems during the International Polar Year 
is given elsewhere by Professor Appleton). 


7. Mathematical Investigations. — It will have 
been appreciated that the trend of the work 
summarised above is to investigate in some 
detail the properties of that portion of the 
atmosphere known as the ionosphere with the 
aid of electric waves used as exploring agency. 
It has been shown that the propagation of 
waves through the ionosphere depends upon 
the density of ionisation and the strength of 
the earth's magnetic field, as well as upon the 
time of day and the frequency of the waves 
employed. А theoretical formula governing 
this mode of propagation has been developed 
by E. V. Appleton and D. R. Hartree. From 
this formula а comprehensive series of curves 
have been derived by Mary Taylor (!) illustrat- 
ing for various typical conditions and fre- 
quencies, the variation of refractive index of the 
medium with ionisation density in the presence 
of the earth's magnetic field. The calculations 


(1) Mary Тауток, The Appleton-Hartree Formula and 
Dispersion Curves for the Propagation of Electroma- 
gnetic Waves through an Ionised Medium in the Pre- 
зепсе of an External Magnetic Field. Part. 1. Curves 
for zero Absorption. Proc. Phys. Soc., 1938, vol. 45, 245. 
Part. 2. Curves with Collisional Friction. Proc. Phys. 
Soc., 1084, vol. 46, 408. 
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were made in the first case, assuming no absorp- 
tion of energy in the medium, while in а second 
paper, the effect of energy dissipation by oolli- 
sional friction was taken into account. This 
work shows that for elliptically polarised waves 
travelling through the ionosphere, the attenua- 
tion and absorption are, in general, greater for 
the right-handed component than for the left- 
handed, with the direction of the magnetic 
field appropriate for downcoming waves in the 
northern hemisphere. The dispersion curves 
which aecompany the papers referred to above, 
may be used for the interpretation of propaga- 
tion phenomena, and also for calculations of the 
reflection coefficient, attenuation and absorp- 
tion in practical cases for the wave-lengths and 
collision-frequencies for which they have been 
constructed ; they further illustrate the general 
type of phenomena, which is to be expected at 
other wave-lengths and intermediate collision 
frequencies. The calculated values of atte- 
nuation and indices of refraction lead to the 
general conclusion that the lower boundary of 
the Kennelly-Heaviside layer must be sharp 
in the optical sense and that reflection of long 
waves occurs at this boundary at the same 
height, in general, as that of much shorter 
waves. 

Further consideration has recently been given 
by C. G. Darwin (!) to the theoretical formula 
determining the dispersion of waves in an 
ionised medium, and the results of this will 
entail a re-examination of the work described 
above. It appears to be necessary that a 
specific experimental test of the formula should 
be carried out as early as possible. 


8. Studies in Long-Distance Transmission. — 
In addition to the detailed exploration of the 
ionosphere vertically above the observing sta- 
tion, a certain amount of study has taken 
place on the propagation of waves over long 
distances, which has an obvious application to . 
practical radio communication. T. L. Eckers- 


(!) C. G. Darwin, Refraction of Ionised Media. Nature, 
1934, vol. 188, 02. 
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ley has continued his investigations in short 
wave propagation within the range between 
14 and 50 metres. А new technique for the 
measurements of signal echoes from facsimile 
records was developed, and used in conjunction 
with field intensity measurements made in 
England on long-distance transmissions. The 
results of two years measurements of this type, 
together with a discussion of their theoretical 
interpretation were contained in & paper pu- 
blished by Eckersley in 1982 (!) The fac- 
simile records disclose a series of several sepa- 
rated marks corresponding to the arrival by 
different paths of a single transmitted impulse. 
The differences of time can be determined with 
considerable accuracy and the angle of inci- 
dence of the waves, together with the effective 
height and ionisation density of the reflecting 
layer can on certain assumptions be deduced. 
Scattering is shown in many of the records and 
is particularly intense on a wave-length of 
60 metres after sunset. As an example of the 
results obtained by this method of analysis, 
it may be stated that for transatlantic trans- 
mission on & wave-length of 22 metres, the 
equivalent height of the deflecting layer ranged 
from 286 to 360 kilometres, while the esti- 
mated ionisation densities vary diurnally in the 
range 4 to 10 x 10* electrons per c. c. The 
latter portion of Eckersley's paper, referred to 
above, is devoted to a somewhat detailed theore- 
tical discussion in which an attempt is made to 
give а physical picture of the nature of short- 
wave propagation through the ionosphere. It 
is considered to be important that the scientific 
processes involved in this propagation should 
be clarly understood if appreciable progress is 
to be made in the general efficiency of long dis- 
tance radio-communication. 

One of the most important practical conse- 
quences of Eckersley's work is the deduction 
" that high-angle rays are attenuated to a much 
greater extent than low-angle rays, and that, 


(1) T. L. EcKkERSLEY, Studies in Radio Transmission. 
Journ. Inst. Elect. Eng., 1932, vo). 71, 405. 
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therefore, long-distance transmission is almost 
wholly effected by waves projected at only a 
small angle of elevation above the earth's sur- 
face. This result has been confirmed by 
Walmsley ('), who carried out special experi- 
ments between England and America, in which 
the angle of projection of the beam could be 
varied. In this manner it was shown that for 
a wave-length of 21 metres, the angle of pro- 
jection from England to give the strongest 
received signal in America had an average value 
of about 76°, measured from the vertical. 
Further tests carried out with other countries 
in different directions confirmed the deduction 
that there is usually an optimum angle for 
projection of the beam, and that this is in the 
region of 700 to 809, although the best value may 
vary both diurnally and seasonally. With the 
aid of this information, Walmsley has prepared 
graphs illustrating the economic design of an- 
tenna arrays in order to give a satisfactory 
communication service along a particular chan- 
nel. 

Working in the opposite direction, A. F. 
Wilkins (?) has measured the angle of incidence 
in England of waves emanating from stations 
near New York on wave-lengths in the region 
of 20 metres. The method adopted employed 
two similar horizontal aerials erected at the 
same height above the ground and at a distance 
apart of 2 wave-lengths. These aerials were 
connected through transmission lines and am- 
plifiers to the deflecting platesof a cathode ray 
oscillograph, and from the resulting trace on the 
fluorescent screen, the phase difference of the 
e. m. f.’s in the aerials, and thus the angle of 
the arriving waves could be deduced. The re- 
sults obtained in this manner showed that dur- 
ing the first four months of 1933, one main ray 
was in general received in England, accom- 
panied by other rays of smaller amplitude : the 
average angle of incidence of this main ray was 


(!) See (2). p. 154. 

(2) A. F. Wizxixs, Measurements of the Angle of 
Incidence at the Ground of Downcoming Short Waves 
from the Ionosphere. Journ, Elect. Eng., 1984, vol. 74. 582. 
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729 and was reasonably constant. Towards 
the end of April, however, it was found that the 
angle of incidence increased from the above 
value at noon G. M. T. towards а value of 859 
or 909 as sunset approached; this change was 
accompanied by a decrease in average field 
intensity. These changes are attributed to an 
increase in ionisation with a resultant decrease 
in the effective height of the F region at which 
reflection takes place on these wave-lengths, 
while the fall in signal strength is probably due 
to the increase in absorption of the waves in 
their return passage through the lower E layer. 

J. Hollingworth (!) found that the angle of 
incidence in England of the main ray from a 
station at Moscow working on a wave-length of 
50 metres was in the neighbourhood of 300. 
These measurements were made by comparing 
the e. m. f.'s induced'in а loop and in a vertical 
aerial, and observations made over a short pe- 
под indicated that only on comparatively rare 
occasions did the angle stated above increase to 
values of 459 or 609. The nature of the va- 
riations in intensity and state of polarisation of 
the arriving waves was demonstrated in Holling- 
worth's experiments and these suggest that fur- 
ther data are required before an explanation 
of the observed effects in terms of magneto- 
ionic theory is pressed too far. 


D) THE PROPAGATION OF ULTRA SHORT WAVES 
THROUGH THE LOWER ATMOSPHERE. — Ехре- 
rimental investigations carried out during the 
past few years have demonstrated the utility 
of ultra-short waves within the band 1-10 
metres for commercial radio communication. 
There are several examples in different parts of 
the world of the satisfactory use of radio-tele- 
phone links on wave-lengths within the above 
range. In many of these cases, it has been 
demonstrated that the distance of communica- 
tion exceeds that for which the transmitter and 
receiver have an unobstructed straight optical 


(1) J. HorrLiNGwonTH, Some Characteristics of Short 
Wave Propagation. Journ. Inst. Elect. Eng., 1933, 
vol. 72, 229. 
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path between them. For example, G. Mar- 
coni (!) has shown that on à wave-length of 
57 ems. communication was possible in the 
Mediterranean over distances approaching twice 
that of the optical range, and similar results 
have been obtained by other workers on wave- 
lengths up to 8 metres. In some of these cases, 
marked fading of the signal was observed parti- 
cularly near or after sunset. 

As far as available experimental evidence 
indicates, waves shorter in length than about 
9 metres are not reflected from the ionosphere. 
Indeed, the observations of А. F. Wilkins, cited 
by R. A. Watson Watt (?) definitely indicate 
that wave-lengths of 9.8 and 10.06 used over 
a certain route may be reflected in the summer 
but not in the winter, when the electron density 
in the upper atmosphere never reaches a suffi- 
ciently high value to deflect these waves back 
to earth. The actual wave-length at which 
this effect of electron limitation becomes opera- 
tive may naturally vary in different parts of 
the world. 

From such considerations it appears likely, 
therefore, that the explanation of the propa- 
gation phenomena observed on wave-lengths 
below 8 or 9 metres is to be sought much nearer 
the earth's surface. 

Some aspects of the problem of the refraction 
of electric waves in the lower atmosphere due to 
the variation of density of the air with altitude 
have been considered by R. L. Smith-Rose and 
J. S. McPetrie (°). Аз a result of this refraction 
the path of waves between a transmiter and 
receiver is curved in a manner concave to the 
earth's surface. For average atmospheric con- 
ditions the radius of curvature of this path is 
about six times the radius of the earth, and this 
will account for а considerable increase in the 
range obtainable over that which is limited to 
the straight line path tangential to the earth's 


(!) See (2), p. 154. 

(2) See (1), p. 160. 

(3 R. L. 5мттн-Козе and J. S. McPerrie, Ultra 
Short Radio Waves. Refraction in the Lower Atmo- 
sphere. Wireless Eng., 1984, vol. 11, 3. 
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surface. In both cases, naturally, the range is 
increased by raising the transmitter or receiver 
above the ground level. As a result of calcu- 
lations made on these lines, it appears that the 
curvature of the waves by refraction is insuf- 
ficient to account for some of the experimental 
ranges which have been obtained. The рћепо- 
menon of fading, however, is explicable as the 
result of convection currents in the air causing 
a variation of refractive index. In addition to 
these refraction effects, it is possible that dif- 
fraetion around the curvature of the earth may 
contribute towards the propagation of ultra- 
short waves; although it appears likely on 
general grounds that diffraction effects will 
decrease as the wave-length is reduced, whereas 
the reverse is true for refraction. The problem 
of the diffraction of ultra-short waves requires 
further investigation, possibly on the lines 
adopted by T. L. Eckersley (!) for longer 
waves. 


E) THE BEHAVIOUR OF DIRECTION-FINDING 
INSTALLATIONS AND THE APPLICATION OF THE 
RESULTS TO PROPAGATION PROBLEMS. — The 
progress which radio direction-finding has made 
in Great Britain during the past three years has 
largely been in the direction of increased instru- 
mental accuracy. This work has not mate- 
rially contributed to our knowledge of the mode 
of propagation of waves; rather has it been a 
case of making use of the main well-known 
facts in order to eliminate errors which result 
from the vagaries of such wave propagation. 
The basic principles of the Adcock or spaced- 
aerial direction finder were well-established 
some years ago and the recent work of the 
Radio Research Board has been aimed at the 
practical realisation of an instrument embody- 
ing these principles, and consequently immune 
from errors which are associated with closed 
loop direction finders under certain conditions 
of reception from the ionosphere. Detailed 
calculations of the conditions under which the 
Adcock system is liable to error or to give inde- 


(!) See (3), p. 155. 
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finite indications have been made by J. F. 
Coales (!). The application of the cathode-ray 
oscillograph to the radio direction finder is 
fully described in the work (?) published by 
R. A. Watson Watt, J. F. Herd and L. H. Bain- 
bridge-Bell, to which reference has already been 
made in this report. In this book will be found 
also the application of the pulse transmitter 
to direction finding problems ; first, as an alter- 
native means of avoiding the errors of bearing 
indication due to downcoming waves; and 
secondly, as à rapid and accurate short-range 
indicator on board a ship, of the location of 
other ships in а fog, and hence providing the 
means by which a collision may be avoided. 
T. L. Eckersley (°) has also described the use 
of a pulse transmitter with oscillographic indi- 
cation on а direction finder of the Bellini-Tosi 
type to give freedom from the errors accom- 
panying the reception of downcoming waves. 

When a radio direction finder is used on board 
a ship, it is necessary to take special pre- 
cautions to reduce to the minimum the errors 
in bearing which result from the currents 
induced by the arriving waves in the metal 
work of the ship. Much detailed work in the 


special application to steel ships has been carried 


out by C. E. Horton (*) at H. M. Signal School, 
Portsmouth. Although by giving close atten- 
tion to such matters as the placing of the 
direction-finding aerial system and the insula- 
tion of mast stays, а considerable improvement 
in performance can be obtained,it is still neces- 
sary for accurate working, to calibrate the 
ship's direction-finder after installation. An 
improved radio direction finder with accurate 
sense-indication has also been described by 


(1) J. F. Coates, A Note on the Theory of Night 
Errors in Adcock Direction-finding Systems. Journ. 
Inst. Elect. Eng., 1932, vol. 71, 497. 

(7) See (4), p. 156. 

(3) T. L. EckERsLEY, Elimination of Night Effect 
with a Pulse Transmitter. Marconi Review, 1984, по 46, 12. 

(4) C. E. Ноктох, The Practical Correction of a 
Wireless Direction-finder for Deviations due to the 
Metalwork of a Ship. Journ. Inst. Elec. Eng., 1931, 
vol. 69, 623 and G. SHEARING, same subject, Journ. 
Inst. Elect. Eng., 1934, vol. 74, 19. 
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C. E. Horton and C. Crampton (:). This 
instrument utilises а combination of the figure- 
of-eight characteristic of à loop aerial and the 
cardioid characteristic obtained from a second 
loop in conjunction with a vertical aerial. The 
main advantage of this new system is the saving 
in time which is effected by the determination of 
bearing and sense in a single operation. The 
conditions necessary to secure the reliable work- 
ing of the installation in a steel ship have been 
determined and it has been shown that the 
accuracy is similar to that obtained with the 
ordinary direction-finder which has the 1809 
ambiguity in its indications. 

Observations taken with & cathode-ray direc- 
tion-finder installed on а ship during а voyage 
from England to Australia have been described 
in a paper by G. H. Munro and L. G. H. Hux- 
ley (2). Directional observations of long wave 
transmitting stations at distances of 1,000 to 
5,000 miles showed little evidence of errors in 
bearings, and the results were used to obtain the 
quadrantal error of the ship. With the aid of 
this information, systematic bearing observa- 
tions on atmospherics were carried out during 
the voyage with a view to locating the chief 
sources of origin of these disturbances. J. A. 
Ratcliffe and J. L. Pawsey (*) have also made 
use of a direction finder of the Adcock or 
spaced-aerial type to investigate the possi- 
bility of the lateral deviation of waves out of 
the great circle plane through transmitter and 
receiver. Working on the medium broadcasting 
band of wave-lengths deviations of as much as 
50° were sometimes obtained in the apparent 
direction of arrival of the waves. While these 
results need confirmation they afford an indi- 


(1) C. E. Horton and C. Crampton, A Radio Compass 
Developed in H. M. Signal School. Journ. Inst. Elect. 
Eng., 1988, vol. 78, 284. 

(3) G. H. Munro and L. G. H. Hux ey, Shipboard 
Obsrvations with a Cathode-Ray Direction-finder bet- 
ween England and Australia. Jour. Inst. Elect. Eng., 
1982, vol. 71, 488. | 

(3) J. A. RATCLIFFE and J. M. PAwsEvy, A Study of the 
Intensity Variations of Domwncoming Wireless Waves. 
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cation of the possibility of scattering, on com- 
paratively rare occasions, of medium waves 
from the ionosphere in à manner similar to that 
experienced by Eckersley on short wave- 
lengths. | 
July 1934. 


Мо 47. — The non linear theory of electric 
oscillations, by Dr. B. vAN DER Por. 


The paper gives à very extensive summary 
of the theory of non linear oscillations, i. e. 
the maintenance of oscillations in systems 
possessing a negative non linear resistance, and 
explains on this basis most of the oscillation 
phenomena obtained with oscillating thermio- 
nie tubes. It treats the following equations 

(a) T'riode oscillator with one degree of freedom : 

v' — а (1—0) + e*» = 0 (е= је « 1) 

(b) Same as before, but with two terms more in 
the approximation to the characteristic : 

v" —« (1 —v*— ev) у ow =0 (є = «jo (C1) 

(c) T'riode oscillator with two degrees of freedom 
(coupled circuits) : 

| 01," —a,(1 —v*)v', + 0, v, + kh, 08, v, = 0, 
| (є, = ал је, << 1) 
| v," + aU, + 0 + без = 0 
| (e; = ајә << I) 

(d) Triode oscillator with external electro- 
motive force : 

v —a (1—»v3)v' --e*,v =o, Esine,t. (є =a/o (CI) 

(e) Free relaxation oscillations : 

v'—«a«(1-—v)v +v =0 (Е = а/о >) 1) 

(f) Relaxation oscillator with impressed E. M. 

F. (frequency demultiplication) : 
v’ —a (1 — vw + o* v = o E sin n ejt 
| € =a/a>) 1 | (7) 


l «2 zz o, | 


(!) Proc. Inst. Rad. Eng., 22, 1051, 1934. 
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Ко 48. — Intereomparison of frequency stan- 


dards by means of a modulated radio wave, 
by Kivosur TAKATSU, KEIKITIRG TANI and 
Yuziro KUSUNOSE. 


During the period between February 7-9, 
1934, the Radio Research Committee of the 
National Reserach Council of Japan carried out 
comparisons of the frequency standards main- 
tained independently at the Electrotechnical 
Laboratory, the Naval Technical Research- 
Department, the Military Scientific Laboratory, 
and the Iwatsuki Radio Receiving Station. 
The experiment was made by simultaneously 
measuring the modulation frequency of a radio 
wave transmitted from the Electrotechnical 
Laboratory. The values of the modulation fre- 
quency measured by each laboratory agreed 
well, within 0.001% (!). 


N? 49. — Observations effectuées le 14 Mars 1934 
de 01,45 à 08,40 (T. M. G.), par B. DEcaux et 
J. B. GALLE. 


Ces observations ont mis en évidence que la 
différence de durée du trajet des ondes reques 
en un méme point et émises par deux stations 
de longueurs d'onde différentes ne restait pas 
constante mais variait d'un instant à l'autre. 

Les deux stations émettrices : Daventry 
(fréquence 200 kc/s) et Londres Régional (fré- 
quence 877 ke/s) étaient modulées simultané- 
ment par le diapason du National Physical 
Laboratory à la fréquence de 1000 cycles/sec. 
Les deux récepteurs à amplification directe 
utilisés au Laboratoire National de Radioélec- 
tricité à Paris, munis de dispositifs d'anti-éva- 
nouissement actionnaient chacun une des paires 
de plaques d'un oscillographe cathodique. 

L'interférence des deux courants à 1000 pé- 
riodes fournis par les deux récepteurs donnait 
une figure de Lissajou qui était une ellipse. 

Cette ellipse est demeurée trés stable de 
02 h. 00 m. à 02 h. 03 m. Puis en 40 secondes, 
cette ellipse est passée d'un quadrant à l'autre 


(!) Report. Radio Res. Japan, vol. IV, n? 2, 1931. 
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(variation de phase des deux signaux) et se 
réduisait parfois à une droite dans l'un ou 
l'autre des quadrants (signaux en phase ou en 
opposition de phase). 

Nouvelle période de stabilité de l'ellipse de 
02 h. 04 m. à 02 h. 20 m. De 02 h. 20 m. à 
02h. 51 m. : variations trés lentes de phase, 
lellipse se transformant en un cercle (qua- 
drature) ou en une droite. 

De 02 h. 51 m. à 03 h. 30 m. l'ellipse se dé- 
forme sans arrét et trés rapidement; la phase 
varie de 1809 en moins de 10 secondes. А cer- 
tains moments la figure de Lissajou se trans- 
forme en une courbe en forme de huit caracté- 
ristique de l'intervalle d'octave. Ceci se produit 
en méme temps que Та réception de Londres 
Régional est trés affaiblie et s'explique en ad- 
mettant que l'onde porteuse n'est plus reque 
alors que les deux bandes latérales persistent 
et se composent pour donner la fréquence 
double : c'est là une manifestation du « fading 
sélectif ». 


Мо 50. — Report to Commission I on existing 
methods of measuring radio field intensity, 
by R.A. WATSON-WarT and R. L. SMITH-ROSE, 
National Physical Laboratory. — (Full text). 


]. ОВЈЕСТ AND ScoPE or REPORT. — At 
the general meeting of Commission I of the 
Union Radio Scientifique Internationale in Co- 
penhagen in 1931, it was agreed that informa- 
tion should be collected relating to methods of 
measuring the intensity of electric fields at 
radio frequencies, and the work of co-ordination 
was allocated to the British National Committee. 
The British Radio Research Board undertook 
the responsibility for carrying out this work and 
assigned it to the Radio Department of the 
National Physical Laboratory. A detailed 
questionnaire (1) was accordingly prepared and 
circulated to the various National Secretaries 
of the U. R. S. I. organisation for distribution 


(!) A Copy of this questionnaire was attached to the 
Report by Dr. E. H. Rayxer on the work of Commis- 
sion I since the Session in Copenhagen in 1981. See p. 131. 
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among the firms, institutions and individuals 
interested in the subject of field-strength mea- 
surement. Nearly 40 replies have been received 
to this questionnaire from representatives in 
10 different countries. In many cases the 
replies were accompanied by reprints of pu- 
blished papers and unpublished reports de- 
scribing special apparatus and the results of 
experiments made therewith. A tabular sum- 
mary of the information obtained from the 
direct answers to the questionnaire is given in 
Appendix I (!), while the following sections of 
this report describe the results of an examina- 
tion of all the replies received. A bibliography 
of the literature on the subject is given in 
Appendix П (2). The scope of the work through- 
out has been limited to a study of methods of 
measuring radiated field intensity, the applica- 
tion of such methods to the investigation of 
wave propagation and similar problems being 
excluded. 


2. DEFINITION OF FIELD INTENSITY. — The 
field intensity in a simple electric wave may be 
defined as the R. M. S. value of the electro- 
motive force induced in unit length of a con- 
ductor set parallel to the electric force in the 
wave. In certain cases for the study of wave 
propagation, particularly at short wave-lengths, 
it is necessary to refer to the field intensity in a 
horizontal or other direction and at heights 
above the earth's surface comparable with or 
greater than the wave-length. It is customary, 
however, in radio communication on all but the 
shortest wave-lengths, to limit the above defi- 
nition to the field at or very near to the earth’s 
surface and to the vertical component of the 
field in the plane of propagation of the waves. 
The practical unit employed in such cases is the 
volt per metre (conveniently divisible into milli- 
volts per metre and microvolts per metre when 
required), implying that each metre of vertical 
aerial will have an e. m. f. of one volt induced 
in it by the arriving waves. The practical 
measurement of the electromotive force induced 


(1) P. 174. (3) P. 180. 


in an aerial rests, directly or indirectly, upon an 
observation of the current flowing in it, and as 
is well-known, the distribution of this current 
depends upon the wave-length employed, the 
dimensions and shape of the aerial, and on its 
surroundings. When an aerial is used for trans- 
mission or reception, the current is usually 
measured at a point in the aerial where it is a 
maximum and the current distribution is taken 
account of by the introduction of а term called 
the effective height of the aerial. Thus the 
electromotive force induced in the aerial may be 
considered to be the product of the electric 
force of the wave and the effective height of the 
aerial. Owing to the difficulty of precise deter- 
mination of the effective height of an aerial it 
has become the general practice not to use an 
open aerial for the measurement of field inten- 
sity where it can be avoided. The replies to 
the questionnaire under consideration have 
shown that in the majority of cases, а closed 
frame coil is used as the receiving aerial in 
field strength measurements. Where an open 
aerial has been required, chiefly to obtain 
greater sensitivity, it is the practice to calibrate 
the aerial under the conditions of the measure- 
ment with the aid of & closed loop and a local 
oscillator or transmitter. 

When а closed loop is set up in а vertical 
plane in the path of waves whose electric force 
lies in the vertical plane of propagation, the 
electromotive force induced in the loop (assumed 
small compared with the wave-length) is : 


2n 
€ = ЕА. №. -— 


where : 

Е is the field intensity of the wave 
A is the aerea enclosed by the loop 
N is the number of turns on the loop 
X is the wave-length employed. 


This value of the electromotive force is inde- 
pendent of the direction of propagation of the 
waves as long as this lies in the vertical plane 
of the loop. When the loop is placed near the 
earth's surface and the waves are travelling 
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horizontally, E is the value of the vertical force 
in the passing waves. For any other direction 
of propagation in the vertical plane the above 
electromotive force must be supplemented by 
that induced by the corresponding waves re- 
flected from the earth's surface. For the sim- 
pler case in which the waves are travelling hori- 
zontally, the above formula may be compared 
with that appropriate to а vertical aerial, viz. 


e = Eh 


in which «л » is the effective height of the aerial. 
From these two formulae we deduce a quantity 
which for practical purposes is termed the 
effective height of the loop given by the ex- 
pression : _ 


FAN 
À 


If the dimensions of the loop and the wave- 
length are all given in metres, the value of « h » 
will also be expressed in metres. 

The problem of field strength measurement 
thus resolves itself into the determination of the 
electromotive force induced by the arriving 
waves in a vertical, plane loop, the effective 
height of which & calculated from its dimensions 
and number of turns. This basis for the speci- 
fication of field strengths is now established by 
universal practice in all countries, and it re- 
mains to consider the various methods which 
have been developed for the measurement of 
the electrical quantities involved. 

It is the experience of many investigators 
that the use of closed loops becomes somewhat 
inconvenient, owing to the small pick-up factor 
attainable with a loop when the wave-length is 
reduced below the order of 20 or 30 metres. 
For such short waves a straight dipole antenna 
used in the vertical or horizontal position is 
probably more suitable for measuring the field 
intensity. It would be desirable to obtain 
some agreement on this matter, together with a 
specification of the antenna, including its di- 
mensions, height above ground and the direction 
in which it should be used. 

The above definition and statement of the 
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fundamental theory of field intensity measure- 
ments are strictly confined to the case of a single 
plane polarised electric wave propagated hori- 
zontally. Such an ideal case is only encoun- 
tered in practice in comparatively rare circum- 
stances. In general, there may be present at 
the receiver, two or more waves which have 
travelled from the transmitter by different 
paths. These waves may be plane, circularly 
or elliptically polarised, the plane of polari- 
sation may be rotated to any degree out of the 
vertical plane of propagation, and those waves 
which have travelled through the ionosphere 
may arrive at almost any angle of incidence. 
They may, moreover, have been deviated late- 
rally from the plane of propagation. In such 
cireumstances it must berealised that the simple 
field intensity as defined and measured on the 
basis outlined above, may differ considerably 
from the effective field intensity which is 
operative on the receiving aerial in practical 
communication. The specification of the field 
in terms of the e. m. f. induced in a closed loop 
gives the sum of the r. m. s. values of all the 
electric fields arriving in the plane of the loop. 
The practical receiving engineer may require 
to know the sum of the vertical or horizontal 
components of this field, and in the latter case 
the desired component may be at right angles 
to the plane of propagation. In the case of 
rapidly varying fields, as in fading conditions, 
he may desire a specification of the field inten- 
sity which is maintained over a selected per- 
centage of the total (long) sampling period. 


3. METHODS OF MEASURING FIELD INTENSITY. 
— (a) Analysis of Methods in use. — Except in 
one or two савез where special apparatus has 
been developed for research purposes, the field 
intensity has been determined by ascertaining 
the electromotive force which it is necessary to 
inject from a local generator into the receiving 
loop or antenna in order to give the same deflec- 
tion on the indicating instrument as that pro- 
duced by the arriving waves. In this con- 
nection, mention may be made here of a subsi- 
diary but somewhat important practical advan- 
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tage which the loop possesses over the open 
antenna, viz., that, in the reception of vertically 
polarised waves, the loop may be rotated to a 
position in which the incoming signals give no 
indication while the set is being calibrated from 
the local source. This avoids the necessity of 
any special arrangements with the transmitting 
station for the interruption of signals for cali- 
bration purposes. This advantage is naturally 
not obtained in the not infrequent cases in which 
an appreciable proportion of the incoming 
radiation is horizontally polarised. 


Ав to the means employed for carrying out 
this calibration, 15 of the respondents ot the 
questionnaire make use of apparatus based in 
all essential details upon the method developed 
in the Bell Telephone Laboratories and des- 
cribed in a series of papers published from 1923 
onwards by Messrs. R. Bown, E. Bruce, C. R. 
Englund and H. T. Friis (See Appendix II ('). 
Commercial apparatus incorporating this me- 
thod has been developed by the Western Elec- 
tric Company in the U. S. А. as type Мо 444, 
and by the Standard Telephones and Cables 
Company in Europe. Amongst the other com- 
mercially developed apparatus, the most pro- 
minent in use are the sets produced by Mar- 


coni's Wireless Telegraph Co. Ltd., and the 


Radio Corporation of America. The former is 
known as Marconi Type 205 Field Strength 
Measuring Equipment and has been described 
in papers published in 1925 and 1929 by 
Messrs. H. J. Round and T. L. Eckersley; 
while the latter is known as Type TMV 21 
based upon the method described by Messrs. 
H. H. Beverage and H. O. Petersen in 1923. 
The remaining respondents have employed 
apparatus, which was frequently designed and 
constructed by themselves for their own inves- 
tigations and which makes use of а variant of 
one of the systems referred to above. In some 
cases automatic recording mechanism has been 
added to the apparatus so that continuous 


(1) P. 180. 


records of the field strength can be made 
over appreciable periods for the study of 
fading, etc. 

А brief description of the chief systems in use 
with comments upon experiments made to 
determine the absolute accuracy of the equip- 
ment for the measurement of radio field inten- 
sities is given in the following sections. 

As а general comment upon these methods, 
it may be stated that it appears to be neces- 
sary to satisfy certain fundamental conditions 
in order to ensure accuracy in measuring the 
desired quantity. In the first place, the e. m. f. 
induced in the loop should be solely due to 
the field in the arriving waves, i. e. the secondary 
field due to currents induced in neighbouring 
conductors by the arriving waves should be of 
negligible magnitude at the space occupied by 
the loop. This implies that the receiving loop 
must be а а sufficient distance from all metal- 
work, especially that of the receiving apparatus 
itself, to be immune from the action of the 
secondary fields. Next, the field intensity mea- 
surement assumes an accurate means of pro- 
ducing locally an electromotive force at radio 
frequency. If this frequency is that of the 
incoming waves, the accuracy of current and 
attenuation measurement at the signal fre- 
quency are brought into account. The use of 
resistance attenuators at high frequencies is 
considered by some investigators to lead to 
uncertainty in determination and in one method, 
this has been avoided by transferring the 
attenuator to the intermediate frequency stages 
of the amplifier, à transfer which also simplifies 
the problem of screening the comparison-oscil- 
lator. In other methods a variable mutual 
inductance coupling is employed as the atte- 
nuating device, and in this case it is possible 
that uncertainty may arise due, amongst other 
causes, to capacitive coupling between the 
coils. In the capacitance type of attenuator, 
саге must be taken at high frequencies or with 
large capacitances that the residual inductance 
of the connecting leads does not involve an appre- 
ciable error in the calibrating system. 
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(b) The Western Electric and Standard Tele- 
phones Field Strength Measuring Sets. — As ori- 
ginally described by Messrs. Friis and Bruce, the 
Western Electric Field-strength measuring set 
comprises a loop aerial with a supersonic hete- 
rodyne receiver and a calibrated signal genera- 
tor, and is suitable for use on all frequencies up 
to 40 megacycles per second. The signal indi- 
cating instrument is a microammeter connected 
in the anode circuit of the second detector valve. 
The magnitude of the locally-generated elec- 
tromotive-force is obtained by passing а known 
current through à known impedance inserted 
at the centre of the loop. In order to avoid 
spurious errors due to « antenna effect » and to 
direct pick-up of local and incoming signals, 
the centre point of the loop is connected to 
earth, and the whole of the receiver and the 
calibrating oscillator are separately and ade- 
quately shielded. The deflection of the indica- 
ting instrument due to the local signal is 
adjusted to equal that caused by the incoming 
signal by the introduction of an attenuator in 
the intermediate frequency portion of the am- 
plifier, this frequency being generally about 
80 kc/s., but varying from 55 to 300 kc/s. in 
individual sets. "The sensitivity of this method 
appears to vary somewhat with individual sets 
and with the frequency range employed but 
there appears to be no difficulty in covering 
field strengths between limits of about 0.2 mi- 
crovolt per metre and 7 volts per metre. While 
the method has been primarly developed for 
measurements on continuous waves or on 
sound-modulated continuous waves, the appara- 
tus has been adapted to measurements on signal 
transmissions and also on the noise level due to 
atmospherie disturbances. 


(с) The Marconi Field-Strength Measuring 
Equipment. — The Marconi Field-Strength 
Measuring equipment has a frequency range of 
25 Mc/s to 15 ke/s (wave-lengths 12 to 20,000 
m.), while portable equipment has been more 
recently developed for the range 25 Mc/s to 
150 ke/s. A tuned receiving loop is employed 
and precautions are taken to ensure symmetry 
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of the loop and adequate shielding of the 
receiver, which is of the supersonic heterodyne 
type. For calibration purposes the output of 
the local oscillator is attenuated at the signal 
frequency by a resistance network and applied 
to the receiving loop through a calibrated 
mutual inductance. The application of the 
equipment appears to be chiefly for continuous 
waves, although presumably it could be adapted 
for the measurement of interrupted signals and · 
atmospheric noise level in the same manner as 
the apparatus previsouly described. The sen- 
sitivity of the commercial equipment is such as 
to enable a range of field-strengths from 3 
microvolts per metre to 3 volts per metre to be 
covered. 

(d) The R. C. A. Equipment. — The equipment 
described by Messrs. Beverage and Petersen and 
developed by R. C. A. Communications Incor- 
porated, uses either а loop aerial or а « con- 
denser » antenna, i. e. а low flat-topped antenna 
for which the effective height is assumed to be 
equal to the actual height. "The receiver and 
signal generator cover a frequency range of 
from 15 to 30,000 ke/s. In one set of apparatus 
a mutual inductance attenuator is employed 
to calibrate the set from the local generator, 
but the use of a screened resistance attenuator 
at the signal frequency appears to be more 
usual. 

The R. C. A. Victor Company's Field Inten- 
sity Meter (type TMV 21) comprises а super- 
sonic-heterodyne receiver with the second de- 
tector operating as а valve voltmeter; a loop 
antenna is used with means of inserting known 
values of resistance therein, and а comparison 
oscillator, the output voltage of which can be 
adjusted by means of a resistance attenuator. 
The frequency range of the apparatus is 550 to 
4,500 kc/s. and the sensitivity covers the range 
20 microvolts per metre to 3 volts per metre. 
This equipment has been largely used in Canada 
and the U. S. A. for determining the service 
area of broadcasting stations, and in this case 
unmodulated continuous waves are usually 
employed. 
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(e) Methods using capacitance potential divider. 
— Amongst the other methods, of which des- 
criptions have been submitted, it is interesting 
to note that M. von Ardenne has developed a 
capacitance potential divider which has been 
used in some cases. This provides а method 
of subdividing the calibrating signal voltage to 
the desired extent, with freedom from frequency 
error at all but very high frequencies. A similar 
arrangement has also previously been employed 
by the workers at the Cavendish Laboratory, 
Cambridge. 


4. USE AND COMPARISON OF THE DIFFERENT 
METHODS. — (a) General Requirements. — Тће 
objectives of those using radio field-strength 
measuring equipment vary considerably al- 
though they are eventually concerned, directly 
or indirectly, with the maintenance and deve- 
lopment of radio communication. The large 
traffic-carrying organisations utilise such appa- 
ratus for the establishment and maintenance of 
new radio communication channels, as well as 
for the development of antenna arrays and 
transmitting and receiving apparatus; those 
responsible for the provision of broadcasting 
services need measuring equipment for deter- 
mining the service area and interference range 
of broadeasting stations; the authorities con- 
trolling the purchase and installation of radio 
station equipment require apparatus for check- 
ing the output against the specification with 
which it is to comply; finally, but by no 
means least, field-strength measuring equipment 
is utilised by communication engineers and by 
physicists with more academic interests, for 
studying the propagation of radio waves both 
over the earth's surface and through the 
atmosphere. 

In considering the use of field-strength mea- 
suring equipment for most of the above pur- 
poses, it is obviously desirable to know to what 
extent different sets of apparatus, particularly 
those in use in different parts of the world, 
are measuring the same quantity, and one of the 
objects of the U. R. S. I. questionnaire was to 
ascertain the nature and extent of any compa- 
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risons which had been made in this field, and 
what agreement was obtained in this work. In 
answer to a direct question on the subject, the 
respondents gave estimates of the overall accu- 
racy of the apparatus they were using which 
varied from 5 to 30%. It was further pointed 
out that for most of the work for which the 
apparatus was used, the required accuracy was 
not greater than that obtained, since radio field 
intensity is subject to relatively large variations 
in space and time under the conditions normally 
prevailing in radio communication. Brief de- 
tails of the results of such comparisons of which 
the information has become available are given 
below under the headings of the respective 
countries. 


(b) Comparison Tests in Great Britain. — 
The British Post Office carried out comparison 
tests in 1930 between apparatus of the Marconi 
and Western Electric type, on a wave-length 
of 24.5 metres and obtained a maximum discre- 
pancy of 25% over the whole range of 5 to 
1200 microvolts per metre. In a subsequent 
test between the Western Electric set and an 
experimental set developed by the Radio 
Research Board, on wave-lengths between 35 
and 60 metres, agreement was obtained to 
within 15% for field strengths varying from 70 
to 250 uV/m. Later tests carried out in 1931 
showed that over the wave-length range of 16 
to 34 metres the ratio of the field strength mea- 
sured on the P. O. Western Electric set to that 
on the Marconi set varied from 2.2 (+ 7 db.) 
at the short waves to 0.6 (— 5 db.) at the longer 
wave-lengths. 

In a test carried out at Harwich in 1931, the 
British Broadcasting (Corporation compared 
their own Western Electric set with one of the 
Marconi type and with two sets produced by 
Messrs. Philips of Eindhoven, Holland. Using 
the emissions from broadcasting stations on 
wave-lengths between 261 and 473 metres, the 
three types of sets alwys agreed within 
20 %, the difference in the measured field- 
Strengths being generally much less than this 
amount. 
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(c) Comparison Tests in United States ој 
America. — In the United States of America, 
the Bureau of Standards have carried out inves- 
tigations with a view to establishing the absolute 
accuracy of their several equipments for mea- 
suring field strengths. These equipments com- 
prise à Western Electric Co. type 44A set with 
loop aerial, and two other sets for high and low 
frequencies respectively, employing open an- 
tennae. Intercomparison tests have been made 
using a loop, а vertical aerial and а condenser 
antenna, and the maximum discrepancy ob- 
tained was of the order of 20%, the majority 
of the results, however, being in agreement to 
less than 10%, which is claimed as the absolute 
accuracy of the type 44A set over its frequency 
range 200 to 6000 kc/s. A somewhat similar 
accuracy of 12.595 (1 db.) is also suggested by 
Е. C. A. Communications, the General Electric 
Co. (N. Y.) and the Bell Telephone Laboratories 
as being obtainable with the respective appa- 
ratus employed by these organisations. The 
B. T. L. apparatus covers, in four sets, the fre- 
quency range of 17 to 200,000 kc/s (wave- 
lengths 17,500 to 1.5 m.) and comparisons with 
it have been made by the Bureau of Standards, 
R. C. A. Communications, the British Post 
Office and the Japanese administration. 


(d) Comparison Tests in France. — Tests 
carried out by Les Laboratoires L. M. T. with 
their own (i. e. Standard Telephones & Cables) 
equipment gave agreement within 40% (2 or 
3 db.) on long waves with the corresponding 
apparatus used by the British Post Office, 
while at broadcasting wave-lengths a compa- 
rison with apparatus at the Laboratoire Na- 
tional de Radioélectricité, using à mutual in- 
duetance attenuator, showed a difference of 
10% in the measured values. 


(e) Comparison Tests in Germany. — The 
Reichspostzentralamt employ  field-strength 
measuring apparatus developed by G. Leit- 
hauser, G. Anders, M. Baumler and, more 
recently, by M. von Ardenne, for use at fre- 
quencies from 15 to 20,000 ke/s. Ап overall 
accuracy of 10 to 20% is claimed for the mea- 
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sured values based upon a comparison with 
other German apparatus and with the equip- 
ment produced by Van der Pol of Messrs. Phi- 
lips, Holland. 


(f) Comparison Tests in Canada. — The Cana- 
dian Marconi Company has itself carried out 
intercomparisons of Marconi equipment type 
205, RCA-Victor type TMV-21-A and a com- 
posite set incorporating a broadcast receiver and 
a signal generator. In the broadcasting band 
of frequencies from 500 to 1500 ke/s., agreement 
was obtained to within 12%. The Canadian 
Radio Broadcasting Commission claims to have 
obtained agreement to 5% between equipments 
of the R. C. A. and Marconi types. 


5. CONCLUSIONS. — In conclusion, it is con- 
venient to summarise very briefly the results of 
this survey of the methods of measuring radio 
field intensity in use in various parts of the 
world. In the first place, it appears to be 
desirable that, wherever possible, a loop recei- 
ving antenna should be employed, this loop 
being symmetrically arranged and connected so 
as to be freefrom spuriouserrors. Theeffective 
height of the loop is calculated from the well- 
known formula involving its dimensions, num- 
ber of turns and the wave-length employed. 
If the use of an open antenna is unavoidable, 
this should be calibrated by means of a loop 
and with the aid of a local transmitter. 

After obtaining an indication of the incoming 
signal with the loop and its associated receiver, 
it is then necessary to calibrate the whole 
apparatus by injecting into the loop an e. m. f. 
of such magnitude as to produce the same indi- 
cation as that of the signal. This e. m. f. is 
introduced into apparatus in use alternatively 
by means of a current through a resistance at 
the centre of the loop, by a mutual inductance 
or by a capacitive potentiometer arrangement. 
As far as can be ascertained, the method of 
obtaining the attenuation for the introduction 
of this calibrating signal represents the salient 
difference between the types of apparatus in 
most general use. In the most widely used 
commercial apparatus, the adjustment of the 
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indication from the locally generated e. m. f. 
is controlled by a resistance attenuator ope- 
rating at the intermediate frequency of the 
receiving amplifier. In the second type of 
apparatus referred to above, the attenuation is 
carried out at the signal frequency with or 
without the addition of & variable mutual 
inductance. 

The overall accuracy of the apparatus deve- 
loped for the absolute determination of field 
intensity is generally claimed by those respon- 
sible for it to be better than 12% (1 db.), 
while for relative measurements it appears that 
the indications can be relied upon to 5% or less. 
It mut be remarked, however, that in the rela- 
tively small number of comparison tests of 
both а national and international nature, of 
which information is available, discrepancies 
ranging up to over 100% have been observed 
although, in general, agreement has been ob- 
tained to within 20%. The data available are 
insufficient to permit of any more precise 
Statement on this subject. In discussing whe- 
ther it'is desirable to arrange for any more 
systematic and detailed comparisons of field 
strength measuring apparatus to be carried out, 
the requisite accuracy for the various phases of 
radio communication should receive conside- 
ration. 

The following extracts from the replies 
received are offered as being helpful in deciding 
the future course of action in this subject. 

(1) «It is suggested that the several National 
Laboratories set up field intensity standards and 
that steps be taken if possible to make intercompari- 
sons of these. · Such comparisons would be particu- 
larly valuable if the methods used by the different 
laboratories differed in essential details. » 


J. H. Dellinger, 
Bureau of Standards. 


(2) « It seems to me that the most difficult problem 
is: to reach an agreement on a standard antenna. 
At high frequencies, the field intensity varies with 
height above ground, and in many cases, both the 
vertical and horizontal components are of interest. 
We generally use the horizontal component, and the 
measurement of the greatest interest to us is the 
horizontal component, measured at the height above 


the ground generally used of our directive receiving 
antennas. » 
H. H. Beverage, 
R. C. A. Communications, Inc. 


(8) «It would be of value to obtain data from 
various sources on the accuracy of effective height 
calculations based upon field intensity measurements 
made from 1 to 20 wave-lengths away from the 
radiator. » 

Chief Signal Officer, 
War Departmant, U. S. A. 


(4) « It is very interesting to know that it will be 
possible in the near future for organisations who are 
interested in the matter of field intensities to have 
an opportunity to compare notes and equipment for 
establishing methods of measurements. This will 
tend to eliminate the disputes of misunderstanding 
which arise from work of this type of service. » 

R. B. Parrish, 
Pacific Engineering Laboratory Company 


(5) « How is the field strength of a fading signal 
determined ? 15 it an average value and if so, over 
what period of time ? Or is it an average maximum 
value and how is this average maximum determi- 
ned ? » 

J. F. Byrne, 
Ohio State University. 


(6) « The dependence of the effective e. m. f. in- 
duced in an open aerial on the resistance of the earth 
connection is at present insufficiently understood. 

The comparison of the results obtained with open 
aerials and with closed loops would appear to merit 
further investigation. » 

| National Physical Laboratory. 


(7) « The scope of the enquiry might be extended 
to cover the recording of field strength over a period 
of time, e. g. records of signals from a distance at 
night. We use an analysing recorder which indicates 
at the end of a period the time during which the 
field strength exceeded any of 10 values which have 
been pre-determined, i. e. give peak and quasi- 
maximum for various percentages of total time. » 

British Broadcasting Corporation. 


(8) « In descriptions of short-wave field strengths it 
is very desirable that the form of antenna employed 
should be stated, since this is important for the 
understanding of the figures quoted. Frames are 
not suitable for short-waves, since for many measure- 
ments no direction of the frame for minimum signal 
is obtained. » 


Reichspostzentralamt. 
(See end p. 180). 
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(9) « Most of the important points regarding the 
measurement of field intensity are well pointed out in 
your information. It will become more complete 
if you add some remarks with regard to the measure- 
ment of short-wave signals and external noises. » 

Ministry of Communications, Japan. 


(10) « (a) To what time space are to be referred the 
measured mean values of the field strength and in 
what amount are to be taken into account the fluc- 
tuations of the latter ? 

(b) How are field strength measurements in large 
cities to be carried out ? Are they to be taken on 
the surface of the streets, on the roofs of the buil- 
dings or on places as far as possible clear ? » 

J. Groszkowski, Warsaw. 
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Мо 51. — The measurement of frequency, by 
L. Essen, B. Sc., National Physical Labo- 
ratory. 


The accuracy of a frequency determination 
usually depends on : 

(a) The accuracy with which the standard fre- 
quency is known, 

(b) The accuracy of the measurements in terms 
of the standard. 

The frequency of the standard can be ob- 
tained by reference to the present astronomical 
time signals with an accuracy depending on the 
stability of the standard. If the stability is 
such that the measurements can be averaged 
over monthly periods then an accuracy of 
0.1 part in 10? can be realised. 

When the frequency bears & simple harmonic 
relationship to the standard, then beats may be 
obtained directly between appropriate harmo- 
nies and an accuracy of measurement better 
than 1 part in 10° is readily attained. In 
general, however, it is necessary to interpolate 
between two known frequencies derived from 
the standard by some such means as an auxiliary 
oscillator. The errors introduced by interpola- 
tion usually amount to more than 10 parts in ] 0’. 

These errors due to interpolation have been 
eliminated at the National Physical Laboratory 
for frequencies up to 1.200 kc/s and it is hoped 
to make the method applicable for the measure- 
ment of higher frequencies. 

The frequency of the standard used at the 
Laboratory is 20 kc/s and this standard is used 
to control multivibrators at 1 kc/s., 20 kc/s and 
80 ke/s. By the use of these multivibrators it 
is always possible to obtain а beat note of bet- 
ween 500 and 1,000 cycles per second between 
a known standard frequency and the frequency 
being measured. This beat note is measured 
by direct comparison with a series of standard 
audio frequencies derived by demultiplication 
of the 80 kc/s note. 

The unknown frequency is thus referred di- 
rectly to the standard oscillator of 20 ke/s, 
and may be measured with an accuracy greater 
than 1 part in 10*. 
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Мо 52. — La précision des horloges à quartz 
dans les services horaires, раг N. STOovko, 
Bureau International de l'Heure, Paris. 


Га variation accidentelle journaliére de la 
pendule moyenne (8) des trois services horaires 
(Greenwich, Leningrad, Paris), est presque la 
même (0,001 sec.) pour 1931, bien que ces trois 
observatoires utilisent des pendules de systémes 
différents : Shortt, Riefler et Leroy respective- 
ment. Il en résulte que pour augmenter la 
précision de l'heure, il faut trouver un garde- 
temps nouveau. 


Depuis le 1°" septembre 1933, l'Observatoire 
Naval de Hambourg utilise une horloge à 
quartz. Pour comparer les résultats obtenus 
avant et aprés la mise en service de cette 
horloge, nous avons divisé l'année 1933 en 
deux parties : A) avant et B) après le 197 sep- 
tembre. En utilisant les formules employées 
pour l'étude de 1931, nous avons trouvé en 
secondes : 


с 8 u 
A 0,002.99 0,008.26 0,015.16 
В 0,002.70 0,000.40 0,003.20 


ой c est l'erreur accidentelle de calcul et y 
l'erreur résiduelle due à la détermination astro- 
nomique de l'heure. 


On remarque que c est resté presque le méme. 


tandis que y et 3, qui dépendent essentiellement 
de la qualité du garde-temps, ont considérable- 
ment diminué. Cela montre que le remplacement 
à Hambourg des pendules Riefler par des hor- 
loges à quartz à marqué un progrés réel. 

A titre de comparaison, nous avons effectué 
le méme calcul pour Greenwich (Pendules 
Shortt) : 


с Ô u 
A 0,002.50 0,000.64 0,004.28 
B 0,002.77 0,000.65 0,003.86 


Pour Greenwich, la précision du service n’a 
donc pas changé. 
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N° 53. — An analysis of continuous records of 
field intensity at broadcast frequencies, by 
S. S. KIRBY, K. A. NoRTON, and G. H. 
LEBSTER, National Bureau of Standards. 


Continuous records of the field intensities of 
most of the broadcasting stations in the United 
States were made at the National Bureau of 
Standards receiving station near Washington, 
D. C. Typical records of received field inten- 
sities from & number of stations are presented. 
Maximum field intensities during ten-minute 
time intervals were analyzed in the following 
ways to illustrate sky-wave propagation phe- 
nomena at broadcast frequencies, for distances 
up to 4000 kilometres : (1) The diurnal variation 
of the ten-minute maxima (equivalent to quasi- 
maximum values) is given for several stations. 
(2a) The variation of the ten-minute maxima is 
shown with respect to distance for night field 
intensities. (2b) These variations are also shown 
for sky waves received during the daytime. 
Empirical formulas are developed to represent 
the data of (2a) and (2b). The data are ex- 
plained in terms of a theory of propagation of 
waves in the ionosphere. 

The following deductions were made from an 
analysis of the data : Received night field inten- 
sities are often greater than inverse distance, 
reaching their maximum values at about 600 
kilometres. There are no large variations of 
received field intensity at night with season or 
frequency, although, in general, the received 
field intensity is slightly weaker in summer. 
The variation of the received field intensity at 
night with distance is determined primarily by 
the directional characteristics in the vertical 
plane of the transmitting and receiving anten- 
nas. The results obtained are most easily 
explained on the assumpticn of a refracting 
rather than a reflecting layer in the ionosphere. 
The received field intensities during the day- 
time at distances greater than about 600 kilo- 
metres are sky waves. (!). 


(!) To be publisched in the Bureau of Standards 


Journ. of Research. 


184 
Мо 54. — Frequeney distribution of intensities 
of radio atmospheries, by K. A. NoRTON. 


The variation of intensity of radio atmosphe- 
rics with frequency is determined by two fac- 
tors, (a) the production of atmospheries, and(b) 
the propagation of the atmospherics to the 
receiver. А general formula for the propaga- 
tion factor is derived. The Eckersley-Van der 
Pol attenuation formulas for the ground wave 
are presentend in a simplified graphical form. 
These formulas are then used in the general 
formula to determine the propagation factor 
under conditions such that most of the atmo- 
spherics arrive as ground waves. In con- 
junction with the empirical Austin-Cohen for- 
mula, the method is used to calculate the fre- 
quency distribution of atmospheries in the 
frequency band from 10 to 60 kc. over sea 
water. The agreement between theory and 
measurement data is satisfactory (!). 


Мо 55. — Report of the British National Commit- 
tee to Commission III on investigations on 
atmospherics carried out in Great Britain from 
April 1931 to June 1934, by R. А. WATSON- 
WATT, National Physical Laboratory. 
(Full text). 


—— 


This report on atmospherics research in 
Great Britain since 1931 is divided, for conve- 
nience, into three parts. The first concerns 
resclutions passed by the General Assembly at 
Copenhagen, the second enumerates the books 
and papers, bearing on atmospherics research, 
published in Great Britain since 1931, and the 
third outlines briefly the state of researches not 
adequately covered by publication. This last 
section is made brief because two of its principal 
subjects are otherwise provided for in the 
Agenda of Commission III. 


I. — CoPENHAGEN RESOLUTIONS 


The following matters, involving participa- 
tion by the British National Committee or by 


(1) To be published in the Burcau of Standards Journal 
of Research, 
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— 


its delegate to Commission III of the Union 
Radio Scientifique Internationale, arise from 
the proceedings at Copenhagen. 


Design and Distribution of Apparatus. — 
The sub-committee, consisting of Messrs. Austin 
Snyder, and Watson Watt, appointed at Copen- 
bagen to continue the work of the Snyder- 
Watson Watt committee appointed at Brussels, 
has made no progress. The much regretted 
death of one of its members, and the general 
economic situation have contributed to this 
lack of progress. Reconsideration at the Lon- 
don meeting will be required. 


Standing Sub-commission of Commission IIT. 
— No mectings and no correspondence have 
occurred since the Copenhagen conference. 


List of Recording Stations. — No additions 
have been made to the list of stations in Great 
Britain included in the preliminary list prepared 
at Copenhagen. A fuller statement can be 
supplied at London if required. 


Specification of methods used. —- The methods 
used in tbe more important sections of atmo- 
spheries research in Great Britain have been 
very fully detailed in а monograph on « Appli- 
cations of the Cathode-Ray Oscillograph in 
Radio Research » referred to below. Мо other 
specifications have, in the absence of indications 


‘that they would be immediately useful, been 


prepared. Мо specifications from cther coun- 
tries have been submitted for scrutiny. 


Preferred Frequencies. — The cathode-ray 
direction-finder has been operated on the fre- 
quency band 10 + 0.15 kc/sec. since July 1930 ; 
the narrow-sector pen-recorder on 10+1 kc/sec. 
The increasing difficulty of finding frequency 
bands not fully occupied by signals may cause 
some changes in preferences for atmospherics 
work. 


Exchange of Data. — Data from the fixed- 
band intensity recorder were supplied to Paris 
and Warsaw for the periods April 1929 to 
March 1932. Data were received in exchange 
from Paris for the period April 1929 to July 
1932, from Warsaw December 1931 to June 1934 
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and fom Zi-Ka-Wei January 1932 to Decem- 
ber 1933. The cessation of recording at Slough 
by this method interrupted the exchange. 


Polar Year Work. —It was not found practi- 
cal to include work on atmospherics in the pro- 
gramme of the British Polar Year party at 
Tromoe. The work normally in progress at 
Slough and Leuchars was regarded as the 
maximum that could be undertaken in the 
Polar Year, having regard to the extensive pro- 
vision required for ionospheric research. 


Radiocinemographe. — The radiocinemogra- 
phe which it was recommended should be 
handed over by the French National Committee 
to the British has not been received. It has 
therefore been impossible to operate and mea- 
sure the characteristics of the apparatus as 
requested. · 

Cathode-Ray Direction-Finding. — No infor- 
mation has been received as to the ability of 
the Polish, French, American and Danish Com- 
mittees to participate in simultaneous or quasi- 
simultaneous observations on the direction of 
arrival of individual atmospheries. Work has 
been carried out in Australia and in Canada, but 
no quasi-simultaneous programmes have yet 
been arranged. 

International Co-operation on measurement of 
lightning fields and atmospherics. — No U. R. S.I. 
action appears to have been taken on the 
resolutions dealing with this subject, and no 
British action has therefore arisen. 


Supply of Data on Locations of Sources of 
Atmospherics. — In accordance with the reso- 
lution submitted by Commission IV at Copen- 
hagen, the Radic Researoh Board acceded to 
the request of the British Committee for trans- 
mission to Paris of data on locations of predo- 
minant sources of atmospherics, to be included 
in ursigrams. Data was sent to Paris by Air 
Mail each weck from 4th July 1931 until the 
end cf the trial p«riod of twelve montbs for 
which the Radio Research Board had unter- 
taken to supply data. This matter is fully 
dealt with in а report to the Chairman of the 
British National Committee, which is included 
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as an Appendix to this report; this inclusion is 
made in order that Commissions III and IV 
may have before them material neccessary for 
re-consideration of the matter. 


II. — PUBLICATIONS 


The publications bearing on atmospherics 
research may be divided into three classes, 
dealing respectively with (a) investigations on 
lightning and the electricity of thunderstorms, 
(b) instrumental technique of atmospherics re- 
search, (c) observational results of atmospherics 
research. 

Class (a) has, in Great Britain since 1931, 
included the following communications, viz: 
The Present Position of Theories of the Elec- 

trieity of Thunderstorms. Watson Watt. 

Quaterly Journal Royal Meteorological Society 

57, p. 133, 1931. 

The Polarity of Thunderclouds. Halliday. Pro- 
ceedings Royal Society A, 138, p. 205, 1932. 

On the Electric Charge collected by Water 
Drops. Gotz. Proceedings Royal Society A, 
142, p. 248, 1933. 

The Propagation of а Lightning Discharge 
through the Atmosphere. Halliday. Philoso- 
риса! Magazine, 15, 409, 1933. 

Branching of Lightning. Macnair. Nature, 128, 
969, 1931. 

Branching of Lightning. Schonland and Alli- 
bone. Nature, 128, 794, 1931. 

Progressive Lightning. Schonland. Proceedings 
of the Royal Society, 112, 69, 1933. 

Sources of Átmospheries and Penetrating Ra- 
diation. Appleton and Bowen. Nature, 132, 
965, 1933. 

Thunderstorms and the Penetrating Radiation. 
Halliday. Proceedings of the Cambridge Phi- 
losophical Society, 30 II, 206, 1934. 

Class (b) has included : 

(1) Report of the Radio Research Board for the 
period ending 31st December 1930. 

Report of the Radio Research Board for 
the year 1931. | 

Report of the Radio Research Board for the 
period 1st January 1932 to 30th Septem- 

ber 1933. 
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(2) Cathode Ray Oscillography. Watson Watt. 
Journal of Scientific Instruments. February 
1933. 

(3) Applications of the Cathode-Ray Oscillo- 
grah in Radio Research. Watson Watt. Herd 
and Bainbridge-Bell. H. M. S. O., 1933. 

(4) Cathode Ray Photography of Random 
Electrical Transcients. F. W. Chapman. Na- 
ture, 131, p. 620, 1933. 

.. Class (c) has included, in addition to the re- 

ports of the Radio Research Board cited above : 

La Météorologie et la Radiogoniométrie des 
Atmosphériques. Watson Watt. La Météoro- 
logie, N® 73-75, April-June 1931. 

Les Atmosphériques et l’Eclair. Watson Watt. 
La Météorologie, № 73-75, April-June 1931. 

The Meteorological Relations of Atmospherics. 
Watson Watt and Bureau. Quaterly Journal 
of the Royal Meteorological Society, 57, 
221, 1931. 


III. — STATE or WORK 


Directional Recording. — 'The narrow-sector 
pen-writing recorder has been maintained in 
operation at Slough throughout the period un- 
der review. It operates in the frequency band 
10 4.1 ke/sec, and has been worked as an 
unbiguous recorder throughout the whole period 
The records of this instrument, operating on а 
simple cardioid diagram since June 1933, have 
been utilised in the provision of & « thunder- 
storm index» figure for use in ionospheric 
studies. 

Cathode-Ray Direction- Finding. — The pho- 
tographic methods referred to in the corres- 
ponding report for the Copenhagen meeting 
have been further developed in the interval and 
have completely replaced the visual method. 
The technique is described in considerable 
detail in the monograph on « Applications of the 
Cathode-Ray Oscillograph in Radio Research » 
mentioned in Section IT of this report. Since 
the apparatus, with still more recent modifi- 
cations, will be demonstrated to members who 
are able to visit Radio Reserach Station, and in 
view of the proposed discussion on « Location 
of Sourees by cathode-ray direction-finding », 


it is not thought necessary to deal more fully 
with the technique in this report. 

It may, however, be said, in relation to obser- 
vational results, that the development in tech- 
nique has been so sustained that it has not been 
thought desirable to divert attention from it 
to the detailed comparison of the results with 
meteorological data. The stage now reached is 
such that the incidents of propagation are of 
predominant importance in limiting the accu- 
racy of location; in particular the abnormal 
polarisation of the received atmospheric has 
made it desirable to attempt the introduction of 
а long-wave spaced-aerial (« Adcock ») direction- 
finder for the work. The very considerable 
technical difficulties of producing such an appa- 
ratus are now being surmounted in experimental 
development work. It may be desirable to 
emphasise that these propagational troubles 
assume importance in this application mainly 
because of the present limitation of the obser- 
ving network to two stations only 500 km. 
apart. The addition of a third station, prefe- 
rably at a greater distance, would reduce the 
stringency of the demands for azimuthal accu- 
racy at each station, although this accuracy 
should, of course, be made as high as is techni- 
eally and economically convenient. 


Wave-Form of Atmospherics. — The develop- 
ment of photographic methods in application 
to this side of the investigations had just begun 
at the time of last report. The von Ardenne 
oscillograph and the more recently developed 
Cossor oscillograph have permitted great ad- 
vances in the method ; some of these are out- 
lined in the monograph already mentioned. 
Important improvements have, however, been 
effected since the publication of the monograph, 
and will be outlined in the course of the London 
meeting. In particular the paper by Appleton 
and Watson Watt will deal with the present 
position sufficiently fully to obviate the need of 
further report here on the work at Radio Re- 
sarch Station and at King's College, London. 


Energy Spectrum of Atmospherics. — In the 
absence of progress recorded at the beginning 
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Of Part I of this report, the general investigation 
of this problem at Radio Research Station 
remains in abeyance. The single-element fixed- 
band recorder was operated on 85 kc/sec. + 
10 сјвес. from the date of last report to 6th De- 
cember 1932, and was then put out of action, 
pending re-examination of the demand for data 
of this character, and to avoid interference with 
other items of investigation. 

Synchronous Observation by Picture Recording. 
— This method of recording was continued 
until 25th June, 1932, when it was concluded 
that the data obtained were sufficiently repre- 
sentative, and that if confirmed, on a wider 
scale but in less detail, the evidence obtained by 
simultaneous photography of wave-form and 
direction of arrival at two stations. 

Synchronous Observation by Photography. — 
The technique of photographic recording deve- 
loped for the cathode-ray direction-finder and 
for the registration of wave-form of atmosphe- 
rics has been applied in several series of syn- 
chronous observations, in whichrecords of both 
kinds have been made at Slough and Leuchars, 
using a common time-marking system conveyed 
by land-line. 


APPENDIX 


Report on Supply 
of Atmospherics Data for Ursigrams 


426/S/HB. 19th April, 1934. 


Professor E. V. Appleton, M. A., D. Sc., F. R. S., 
Halley Stewart Laboratory, 
30, Chesterford Gardens, 
Hampstead, N. W. 3. 


Му dear Appleton, 


Ín accordance with the request of the British 
National Committee, I give you hereunder an 
outline of the history of communication of at- 
mospheric data to be radiated in the French 
Ursigram. 

On the request of the U. R. S. L, the British 
Committee asked the Radio Research Board to 
communicate to Paris, for inelusion in Ursi- 
grams, data on the predominant sources of 
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atmospherics located by cathode-ray direction- 
finding on the 500 km. base-line Slough-Leu- 
chars. The Radio Board recommended that a 
weekly tabulation of daily observations be sent 
to Paris by air mail on Saturdays, to be radiated 
in the Monday Ursigrams. It recommended 
also that the arrangement should operate for 
а trial period of twelve months, with review on 
the evidence of use or usefulness thus provided. 
The French National Committee asked that the 
data be sent to the Office National Météorolo- 
gique, which would undertake its inclusion in 
Ursigrams. Data was sent weekly from 4th 
July, 1931. 

On 11th September 1931, Général Delcambre, 
Director of the O. N. M., wrote to me as follows : 
«I receive very regularly the weekly tables in 
which you give the locations of the principal 
sources of atmospherics. On the very day of 
receipt (i. e. in general on Mondays) this data is 
added to the Ursigram emitted by Bordeaux. 
Up to 1st September this transmission was in 
plain language. But the impossibility of con- 
tinuing to send such long messages has led me 
to adopt a provisional code which has been . 
communicated to «Science Service» and of 
which you will find а copy enclosed (Appen- 
dix I). I propose to modify this code to take 
account of tbe additional information which 
you are sending me since Ist September (вее · 
this amended code in Appendix II) (Appendices 
not reproduced here). 

'The comparison of the date which you send 
with the meteorological charts is very instruc- 
tive, and one foresees the time when meteoro- 
logists will no longer wish to draw charts 
without having locations of sources of atmosphe- 
ries at their disposal. 

The present experiment shows the usefulness 
of your messages and I hope it will hasten the 
moment when they can be sent by radio and not 
by mail. » 

On 6th August 1932, I notified Général Del- 
cambre of the suspension of reporting on the 
termination of а trial period somewhat excee- 
ding the twelve months proposed, and asking 
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for his remarks on the general situation. Com- 

mandant Bureau, signing for Général Del- 

cambre, replied as follows : 

« I am in receipt of your letter of 6th August 
and hasten to give you ту opinion on the 
subject of 12 months of Ursigrams. 

1. Meteorological Comparisons. — The data 
on sources of atmospherics has been compared 
with the meteorological charts for 1300 G. M. Т., 
not with а view to weather forecasting but to 
take account of the probable relations between 
sources of atmospheries and the position of 
fronts especially in the charts for the Northern 
hemisphere. It must be recognised that this 
comparison is very encouraging. The pheno- 
mena are far from having always the great sim- 
plicity which certain theories would have sug- 
gested, but numerous examples have a very 
great interest, if only from the point of view 
of the meteorologist. 

To pass from the state of retrospective studies 
to the state of daily utilisation in the more 
complete analysis of meteorological charts, it is 
evidently desirable that : 

(а) the data should be sent daily, if possible 
by radio, 

(b) that it should be sent without gaps, i. e. 
even on Saturdays, Sundays and holidays. 
The great difficulty of attaining this does not 

escape me. I am also conscious of the very 

great labour already represented by the obser- 
vations made in the course of the last twelve 
months. 


2. Radioelectric Comparisons. — 'The Ursi- 
grams have also been utilised in France from 
а more purely radio-electrical point of view; 
the comparison between this data and that 
given by the French recorders, in relation to the 
level of atmospheries at 1300 G. M. T. and to 
their direction at that moment. On the whole 
the agreement is satisfactory and this weekly 
despatch has certainly contributed to bring us 
still nearer to the very desirable goal of a 
rigorous comparability of the results obtained 
in different countries. 

This comparison bears also on the effect of 
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diurnal variation and the choice of the hour of 
observation. This choice is, in fact, of capital 
importance. That of the present hour, 1300 
G. M. T. seems to have been guided by the 
desire for simultaneity with one of the world 
networks of meteorological observations, the 
1300 G. M. T. network being without any doubt 
the most important. There does not seem to be 
at the moment any need for proposing а change 
of hour. Butit would always be an advantage 
to have available recorders of mean level of 
atmospherics and of their direction in order to 
be able to utilise correctly the very precise 
results of goniometric determinations at fixed 
hours. 


3. Diffusion of ursigrams. — Immediately on 
receipt of the weekly letter, the results obtained 
by the British Committee were diffused by radio 
(from Bordeaux) by the French Committee so 
that they should reach correspondents in Eu- 
rope and America. То facilitate the trans- 
missions, a very simple code has been used. 
I have received no comments on it; this does 
not mean that it requires no improvement. 
I know that the Ursigrams are followed with 
interest in the U. S. А., in Poland, and, by а 
certain number of amateurs, in France and in 
Great Britain. But.I have no information on 
the use that may have been made of the part 
of the message dealing with atmospherics. 


А question which suggests itself is that of the 
precision of the data sent. I think it wouid be 
dangerous to try to send too detailed data. 
For a first daily trial, such as we could at present 
undertake, the data should be in very simple 
form. That adopted by the British Committee, 
which contents itself with indicating two sorts 
of sources, concentrated sources and extended 
sources, seems to me completely satisfactory. 
If for certain studies it seemed necessary to 
have certain days of very detailed data, the 
persons desiring this whould always be free to 
write to the British Committee. But it is clear 
that in the present state of the researches, no 
one would have the time to analyse in detail, 
every day, the whole of the data. 
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To sum up, I think that inquiries on the 
subject of tbis emission might comprise, among 
others, the following questions : 


(а) Should the present hour of observation be 
retained. If not, what hours are proposed. 


(b) Do the data as supplied seem to you capable 
of rendering service in the construction of 
meteorological charts. 


(c) If so do you desire а daily transmission. 
(d) Is the present code satisfactory. » 


This concluding paragraph of the letter re- 
ferred to my proposal to ask possible users for 
reports on the use they had in fact made of the 
twelve months trial emissions. Informal in- 
quiries and indirect evidence all pointed, howe- 
ver, to the fact that the data had not been 
received in America and that no use had been 
made of it outside France. In these circum- 
stances no formal inquiry was circulated. 


The question has been re-opened in a letter 
from Dr. Dellinger, in which he says : 


«Am I correct in concluding that there was 
a serious slip of some kind in the effort to get 
your data on atmospheries into the French 
Ursigrams ? Your data were not included in the 
French Ursigrams as received here by radio. 
Furthermore, at the U. R. S. I. Executive 
Committee meeting in Paris on October 10, 
Dr. Jouaust (in charge of the French Ursi- 
grams) said in Dr. Appelton's presence that he 
had received nothing from the British Commit- 
tee. Were your data buried in the French 
Meteorological Office, or did something else 
happen ? » 


I am sending him a copy of this statement in 
answer to his inquiry. I shall be happy to 
supply any further information which the Bri- 
tish Committee may require on the method of 
communication of the twelve-months data to 
Paris. 

Yours very sincerely, 
(Sgd.) R. A. Watson Watt. 
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Мо 56. — Ionization changes during a solar 
eclipse, by E. V. APPELTON and S. CHAPMAN. 


The report summarises the results of the radio 
observations made on the occasion of the eclipses 
of August 31st 1932 and August 21st 1933. 

It may be regarded as established that the 
normal ionizing agency for regions E and Е, 
has а, speed closely agreeing with that of light : 
hence it is natural to identify this agency with 
ultra-violet light (though observations of the 
kind here considered cannot rule out the possi- 
bility that the agency, for one or more of these 
layers, consists of very high-speed corpuscles). 
Similarly there is fairly definite evidence that 
ultra-violet light contributes at least a part of 
the normal region F, ionization, and a suggestion 
that corpuscles may also contribute. In future 
eclipses it is very desirable that attention 
should be specillay concentrated on this re- 
gion Е,. 


Мо 57. — Rapport sur les recherches relatives 
à la propagation des ondes radioélectriques 
courtes entreprises pendant l'Année Polaire, 
par К. JouausT, R. BUREAU et J. HABERT. 


Les auteurs rappellent le programme établi 
par la Sous-Commission de l'Année Polaire et 
exposent dans quelles limites il а été exécuté. 

Aprés avoir étudié les résultats et, en parti- 
culier, la variation diurne, les influences géo- 
physiques et astrophysiques, la période de 
27 jours, les variations annuelles, l'influence de 
la latitude, les auteurs signalent que l'étude de la 
propagation est liée au probléme des relations 
encore mystérieuses entre la troposphére et 
Pionosphére et concluent de la manière sui- 
vante : 

« Dans ce rapide арегси des résultats, encore 
incomplétement connus et sommairement inter- 
prétés, des expériences de propagation des ondes 
radioélectriques courtes pendant l'Année Po- 
laire, il apparait que l'action du soleil sur l'iono- 
sphére est prépondérante et peut, dés mainte- 
nant, étre schématisée. 

» Les mauvaises conditions de propagation 
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dans les régions polaires sont peut-étre réalisées 
par excés d'ionisation dans la couche E (à cause 
de l'activité aurorale) et par défaut d'ionisation 
dans la couche Е (à cause de la faible incidence 
des rayons lumineux et de l'absorption de 
l'ultra-violet). 

П ne faut pas perdre de vue que l'Année 
Polaire s'est placée à une mauvaise époque, 
dans le cycle de 11 ans des taches solaires: 
au voisinage d'un minimum d'activité. Il faut 
souhaiter que des expériences analogues à celles 
de l'Année Polaire soient reprises en 1936-37, 
avec un matériel perfectionné, et des méthodes 
améliorées dans le sens de la continuité. 

Il serait bon de choisir sur la Terre quelques 
arcs de grands cercles remarquables — arcs de 
méridiens géographiques, de méridiens magné- 
tiques, arc d'équateur, arc entièrement compris 
dans une des calottes polaires — et d'étudier 
systématiquement la propagation le long de ces 
arcs. L'émetteur pourrait être avantageusement 
un navire stationné au point choisi. L’émission 
devrait être continue. La réception devrait 
utiliser des appareils enregistreurs : c’est l’enre- 
gistrement continu qui donne tant de prix à la 
réception des parasites atmosphériques. 

De telles expériences de propagation, jointes 
à des mesures continues des altitudes de couches 
ionisées, et à l’enregistrement des parasites 
atmosphériques,fourniraient des données essen- 
tielles, utilisables non seulement en radioélectri- 
cité, mais en géophysique et, sans doute aussi en 
météorologie. 


No 58. — Rapport sur les recherches relatives 
aux atmosphériques entreprises pendant l’An- 
née Polaire, par R. BUREAU, R. FAILLETAZ et 
J. HABERT. 


Les lignes qui suivent résument le rapport 
établi pour l’Assemblée Générale sur les recher- 
ches relatives aux atmosphériques, entreprises 
pendant l’Année Polaire, conformément au pro- 
gramme établi par l'U. R. S. I. 

П donne la liste de ces recherches, qui com- 
portent principalement : 

a) Des enregistrements du nombre d'atmo- 


sphériques, assurés par la France à Paris, Tunis, 
Rabat, Tamanrasset (Sahara), Scoresby-Sund 
(Groenland), Zi-Ka-Wei (Chine) et par la Po- 
logne à Varsovie, Tromsoé, l'Ile-des-Ours ; 

b) Des enregistrements goniométriques à 
Paris. 

Le matériel employé se composait de fré- 
quencemétres (radiocinémographes) et de gonio- 
métre à secteur étroit et à enregistrement pho- 
tographique (lampe à néon). 

Les résultats ont mis en évidence l'impor- 
tance de la variation diurne et de ses modifica- 
tions en fonction de la latitude, les variations 
annuelles, les ressemblances frappantes et fré- 
quentes entre les courbes de localités trés éloi- 
gnées, les différences systématiques provenant 
de l'emplacement géographique des stations. 

Les enregistrements goniométriques ont mon- 
tré comment évoluent, au cours de l'année, les 
directions des principaux flux d'atmosphériques 
et leur répartition réguliére avec les heures de la 
journée. 

Des résultats si cohérents appellent une ex- 
plieation simple. On peut en donner une, basée 
sur la double intervention de la troposphére 
quant à la distribution des foyers d'atmosphé- 
riques et à l'ionosphére, quant à la propagation 
à grande distance des ondes qu'ils rayonnent. 
Elle conduit elle-méme à une répartition des 
principales sources mondiales d'atmosphériques. 

Les relations des atmosphériques avec les 
phénoménes météorologiques, lionosphére, les 
phénoménes géophysiques, sont ensuite étudiées 
avec détails. 

Les rapporteurs concluent en demandant que 
les enregistrements ne soient pas interrompus, 
mais rendus permanents et développés le plus 
possible. 


Мо 59. — Sur la comparaison de quelques cour- 
bes de la variation diurne des atmosphériques, 
par К. FAILLETAZ. 

Pour les ondes de 12 et 27 ke/s et pour la 
station établie par la mission française de 
lAnnée Polaire à Tamanrasset (Hoggar), on a 
tracé les courbes donnant les valeurs moyennes 
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mensuelles des maxima nocturnes et diurnes. 
Ces valeurs sont sensiblement égales pour 
Горде de 27 ke/s, mais les maxima diurnes sur 
12 kc/s sont régulièrement plus élevés que les 
maxima nocturnes. Cette particularité met en 
évidence la prépondérance des sources d'autant 
plus lointaines que la fréquence de Ponde 
d'enregistrement est basse ; elle montre en méme 
temps que sur 12 kc/s les phénomènes de propa- 
gation sont peu manifestes puisque le régime 
noeturne n'est pas favorisé par rapport au 
régime diurne. Enfin, l'irrégularité de la courbe 
annuelle des maxima sur 12 kc/s confirme l'hy- 
pothése de la prépondérance des sources loin- 
taines si l'on admet que cette irrégularité peut 
provenir de ce que l'enregistreur est influencé 
par des sources réparties sur toute la surface 
du globe, en des régions où la saison favorable 
à la production des atmosphériques ne coincide 
pas avec l'été africain. La comparaison des 
courbes de Paris, Tunis, Rabat et Tamanrasset 
montre la grande similitude d'allure de la 
variation diurne, méme en des stations éloi- 
gnées ; une étude détaillée fait cependant appa- 
raitre quelques phénoménes particuliers : à 
Rabat, sur 27 kc/s, les atmosphériques ont peu 


d'activité dans le début de l'aprés-midi mais un - 


maximum s'annonce еп fin de journée, еп 
parfaite coincidence avec la fin du maximum 
d'aprés-midi à Paris ou à Tunis; on peut en 
conclure que ce maximum d'aprés-midi, dans 
sa presque totalité, n'a pas une origine africaine ; 
cette origine doit se situer plus à l'est puisque les 
sources n'atteignent pas Rabat. L'influence du 
parcours maritime qui favorise la propagation 
est nettement démontrée dans le cas d'orages 
qui éclatent à Rabat et qui perturbent les 
courbes de Paris mais non celles de Tunis ou 
Tamanrasset. Des perfectionnements doivent 
encore étre apportés à la technique des enre- 
gistrements, en particulier quant à la méthode 
d'étalonnage du seuil de fonctionnement des 
relais. On pourra alors donner aux courbes de la 
variation diurne des atmosphériques une inter- 
prétation météorologique beaucoup plus com- 
pléte et précise. 
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Мо 60. — Etude des courbes d'enregistrement 
d'atmosphériques au Seoresby Sund, par Е. 
BUREAU. 


Мо 61. — On the adoption of а criterion for 
rating broadcast antennae according to the 
proportion of the radiated energy which is 
confined to small angles to the horizontal, 
by Lieut. Col. W. A. STEEL, Commissioner, 
Canadian Radio Broadcasting Commission. — 
(Full text). 


In radio broadcasting the advantages of 
using transmitting antennae which are able to 
radiate most of their energy at small angles to 
the horizontal plane, are well known. Not 
only is the daytime range of the station, for 
equal radiated power, increased in this way, 
but also the objectionable distortion, occurring 
at night due to interference between the hori- 
zontal radiation and the sky radiation reflected 
back to earth, will begin at points more remote 
from the transmitter. 

The above mentioned variation in the day 
range by alteration of the vertical plane polar 
radiation pattern demands a consideration of 
that pattern when attempting to use attenua- 
tion formulae to predict ranges of proposed sta- 
tions over ground of known characteristics. 
Most such formulae neglect this as they assume 
a type of antenna which was practically always 
used up to a few years ago, namely, that in 
which the downlead was less than one-quarter 
wavelength. Some works on attenuation do 
consider the pattern but, owing to the lack of 
any recognised criterion, there is no standard 
method used to introduce this characteristic. 

Accordingly, as an introduction to the dis- 
cussion, it is proposed to adopt as the base the 
unattenuated field strength at unit distance in 
the horizontal plane from a vertical radiator 
one quarter of а wavelength in height radiating 
unit power. Let this field strength be «a» 
units. Then the « horizontal radiation factor » 
of an antenna giving a field strength of «b» 
units at unit distance for unit power radiated 
may be defined as equal to « b/a » units. 
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Мо 62. — Interaction of radio-waves, by B. van 
DER Рог, and J. VAN DER MARK (!). 


This note describes a new phenomenon in 
wave propagation which may have important 
consequences both in the scientific and technical 
radio field. 

The phenomenon is the following. When a 
broadcasting receiving set is tuned to a radio 
station (here called «the wanted station »), 
sometimes at night the modulation of another 
powerful transmitter, whose frequency bears 
no simple relation to that of the wanted sta- 
tion, this frequency neither being close to that 
of the wanted station, is heard in the receiver 
as a background on the program of the wanted 
station. When the modulation cf the wanted 
station is zero, the program of the unwanted 
station is occasionally so loud that the unwan- 
ted program can easily be recognised. 

The phenomenon was first described by A. G. 
Butt (?) and B. D. H. Tellegen (з). The pheno- 
menon was, at the authors’ request, confirmed 
by Braillard, Ashbridge, Gutton, Schwaiger. 
About 50 different occasions are quoted where 
the phenomenon has been observed by differ- 
ent observers. 

A careful analysis of all the above cases 
showed us that the phenomenon only occurs 
when the great circle joining the wanted station 
and the point of observation passes the unwant- 
ed station at a distance not greater than 250 
to 300 km., which fact confirms the view that 
the phenomenon has its origin in the ionosphere, 
the more so because it only occurs at night. 

We were therefore lead to consider the phe- 
nomenon as a non linear effect present in the 
ionosphere. It may therefore be expected to 
be more pronounced the stronger the field of 
the unwanted station in the ionosphere and 
therefore the larger the excursions of the elec- 
trons there. The effect will, according to this 
view, also be stronger the lower the frequency 


(!) Tijdschrift van het Ned. Radio Genootschap, 1935. 
(2) World Radio, Ap. 28th, 1933. ` 
(3) Nature, June, 10th, 1933. 
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of the unwanted station. This is confirmed 
by the fact that all cases so far observed relate 
to interfering stations of high power only and 
relatively long wavelength, the shortest wave- _ 
length of the interfering station Praha (n — 
638 kc/s). According to this point of view 
the waves of the unwanted station, in order 
to produce the effect, must not only travel 
through the ionosphere at the same geographical 
region, but also affect the ionosphere at thesame 
geographical region, but also affect the ionosphere 
at the proper level at which the wanted signal 
travels. This may be the explanation why so 
far no cases have been observed with interfering 
waves longer than ca. 2000 metres. 

А series of measurements of special transmis- 
sions by Luxembourg (230 kc/s) and Beromüns- 
ter (556 kc/s) is described and it follows that 
this «cross modulation » effect caused by the 
Luxembourg transmitter on the Beromünster 
wave is a function of the modulation frequency 
of the interfering station (Luxembourg). The 
following average modulation depth observed 
at Eindhoven of the originally unmodulated 
Beromünster wave caused by а 80 % modu- 
lated wave emitted by Luxembourg was obser- 


· ved: 
7,5% for a modulation frequency of 100 c/s 
9,4 96 » » 200 c/s 
3,3% » у 400 c/s 
1,275 » D 800 c/s 


the highest momentary maximum modulation 
depth of the, originally, unmodulated Bero- 
münster wave observed being 12% for a modul- 
ation frequency of 100 c/s. 

The effect may either be explained on & non- 
linear basis, the presence of the strong unwanted 
emitter causing the apparent conductivity of 
the ionosphere to change so that the wanted 
wave travels through а modified medium, or 
by a Doppler effect, the radiation of the unwant- 
ed wave lifting periodically the ionosphere so 
that the wanted wave is reflected by а vibrat- 
ing mirror. Further experiments are necess- - 
ary in order to explain the phenomenon fully. 
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Мо 63. — Application de la mécanique non 
linéaire à quelques problèmes de la radiotech- 
nique moderne, par le Prof. Dr. N. KRYLOFF, 
et le Dr. N. BocorrüBorr. 


Le rapport présenté contient sous forme 
condensée, l'énumération de résultats récents 
obtenus par les auteurs dans le domaine de la 
Mécanique non-linéaire et se rapportant aux 
sujets suivants : 

1. Elaboration d'un procédé mathématique 
pour l'obtention des équations de premiére 
approximation relatives à des systémes auto- 
périodiques (capables de produire des oscilla- 
tions propres) du type de Thomson. Principe 
de Та moyenne. 

2. Quelques théorémes par les auteurs, éta- 
blissant la correspondance entre les propriétés 
de quasi-périodicité des solutions exactes et 
celles de leurs premiéres approximations. 

3. Critères de l'existence et de la stabilité 
des solutions quasi-périodiques des équations 
différentielles régissant les oscillations des sys- 
témes auto-périodiques. Zones fondamentales 
et secondaires de la synchronisation. Régimes 
synchrones et asynchrones des oscillations. 
Ordre de grandeur de l'erreur commise en s'arré- 
tant à la première approximation. 

4. Possibilité d'obtenir des équations de 
premiére approximation à l'aide de la régle 
générale suivante : on remplace d'une татљете 
convenable, les circuits non linéaires par des 
impédances équivalentes qui dépendent en général 
de l'amplitude a et quelquefois (par ex. dans le 
cas de la résonance) de la phase » de l'oscillation. 
Cela fait, on trouve, à l’aide des calculs habituels, 
le décrément 8 = 8 (а, ә) et la fréquence propre 
du système ainsi rendu linéaire. L’expres- 
sion approchée pour l'oscillation sera alors 
a = а Sin.(eot + e), où а et o vérifient les 
équations cherchées en premiére approximation: 


d а 
dt 


d 
= — 8 («,ọ)a ; di = e (а — 9) — во 
dans lesquelles dans le cas de la résonance, 
on prend «о égal à la fréquence synchrone et 
dans le сав de non-résonance, on calcule w 
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au moyen де la formule de Thomson, en négli- 


geant les corrections provenant des résistances 
des circuits et des circuits linéaires considérés. 

5. Application de la méthode des impédances 
équivalentes pour l'étude du fonctionnement 
(comme générateur) d'un circuit oscillant con- 
tenant du fer et une capacité variable pério- 
diquement (róle stabilisateur de la non-linéa- 
rité due au fer) Application de la méme mé- 
thode à l'étude du fonctionnement de l'oscilla- 
teur à triode en état de résonance de démulti- 
plication. 

6. Quelques considérations sur les possi- 
bilités d'emploi pratique des oscillateurs réglés 
à la résonance de démultiplication (filtres non- 
linéaires, amplificateurs de puissance, etc) (!). 


N° 64. — A critical resume upon high-frequeney 
bridge networks with special reference to 
high-frequeney measurements on dielectries, 
by T. IogwERTH Jones, M. Sc., National 
Physieal Laboratory (?). 


The report is а review of most of the methods 
employed for the measurement of the permit- 
tivity and power factor of insulating materials 
at radio frequencies. It deals in greater detail 
with bridge methods and discusses the net- 
works and the operating conditions which 
have been advanced from time to time. 

Stress is laid on the fact that the success of 
the methods depends upon the apparatus which 
is employed and upon the disposition of the 
circuits. It is recognised that at high fre- 
quencies special considerations determine the 
design of suitable coils and the type and degree 
of sereening which is adopted. The principles 
governing the application of screens are discus- 
sed. One section describes the high-frequency 
generators which various investigators have 
employed and the types of detectors which 
have proved satisfactory. 


( Le rapport complet sera publié dans l'Onde Elec- 
trique. 

(2) Technical Report, Reference L/T56, published by 
the British Electrical and Allied Industries Research 
Association, 15, Savoy Street. London, У. С. 2. 


18 


194 


Precision measurements of power factor are 


essentially dependent upon standards of capa- 


citance and resistance. А survey is made of 
the available resources in these directions. A 
unique advantage offered by bridge methods 
is emphasised, namely, their ability to cope 
with three-terminal apparatus of which an 
electrode system incorporating a guard-ring is 
an important case, which, handled judiciously, 
can give enhanced accuracy. The earthing 
devices which need to be introduced to deal 
with such cases are discussed together with 
the desirability for the replacement of the 
earth capacitances of the electrodes, in certain 
cases, when a standard air condenser is substi- 
tuted for the test condenser in the ordinary 
way. 

Finally, a few electrode systems are described 
and suggestions are advanced for the future 
development of bridge methods at radio fre- 
quencies. 


Мо 65. — Note sur la propagation des ondes de 
18,68 et 31,19 métres sur le pareours Saigon- 
Paris. 


Cette étude décrit les résultats d'observations 
d'échos pour des signaux captés dans l'exploi- 
tation du Service de la T. S. F. francais. A 
certaines époques de l'hiver, ces échos durent 
environ ] 1/2 heure et présentent un retard de 
0,07 sec. 


N° 66. — Note sur la propagation des ondes de 
24,56 et 88 métres entre Paris et Alger. 


Cette étude décrit un phénoméne d'évanouis- 
sement (fading) sélectif observé sur la com- 
munication téléphonique Paris-Alger. Ce fading 
sélectif affecte successivement les diverses fré- 
quences de la bande modulée. 
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N° 67. — Relations entre les phénomènes de 
propagation et les échos et les phénomènes 
de la géophysique par K. W. WAGNER et 
K. FRANz. 


A Tromsó (en Norvége) de décembre 1932 
à octobre 1934, l'expédition radioscientifique 
envoyée par la « Gesellschaft zür Forderung 
des Funkwesens » (Société pour l'Etude de la 
Radioélectricité) а découvert certaines relations 
de dépendance entre les phénoménes d'échos 
et de propagation et les phénoménes de la géo- 
physique. Ces relations sont SXposces sommai- 
rement dans ce qui suit. 

La station d'observation fut installée en 
décembre 1932 à l'Observatoire d'Aurore 
Boréale à Tromsó par MM. le Dr. Ing. K.Kreiels- 
heimer et l'Ingénieur W. Stoffregen, qui firent 
également les observations; d'avril à octobre 
1934, M. K. Fränz remplaça M. Kreielsheimer. 
Du début de janvier jusqu'à la fin août 1933, 
il y eut collaboration entre les expéditions 
allemande et anglaise à Tromso. 

Des investigations furent faites concernant 
l’ionosphère par la méthode des échos, ainsi 
que des observations d'intensité de champ et 
d'évanouissement de stations européennes de 
radiodiffusion. 

En plus des allures saisonniéres et diurnes 
bien connues de ces phénoménes, on constata 
à Tromsô, qui se trouve dans la zone des aurores 
les plus fréquentes, une influence particuliére- 
ment profonde des perturbations magnétiques 
accide ntelles. 

En ce qui concerne le comportement régulier 
de la zone F de l'ionosphére pour la fréquence 
2 Mgc. (150 mètres) on a pu affirmer qu'il exis- 
tait une réelle différence entre les phénoménes 
appelés « Aufgange » et ceux appelés «unter- 
gangsphénomen ». 

On signifie par là que, pour des augmentations 
ou des diminutions lentes de la concentration 
en ions, et pour une fréquence donnée, la couche 
est encore réfléchissante pour de trés faibles 
vitesses de signal. 

La régularité des « aufgange » pour 2 méga- 
cycles est remarquable et correspond à ur. 
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courbe qui présente son maximum quand le 
soleil est à 70 30' sous l'horizon. 

Les « untergange » ont une dispersion beau- 
coup plus considérable que les « aufgange ». En 
outre, les deux phénoménes sont asymétriques 
par rapport au midi vrai (11 h. 44"). Cela est 
compréhensible en tenant compte de ce que le 
« untergange » résulte non seulement de l'occul- 
tation du rayonnement ionisant, mais aussi de 
la recombinaison et de la dispersion des ions. 
Il est intéressant de noter qu'en- outre du 
« untergange » normal de l'aprés-midi, une série 
de ces phénoménes fut observée trés tót le 
matin. 

Tenant compte du fait que sur 16 phénoménes 


analogues, aucun « aufgange » correspondant пе 


fut observé, on а pu conclure que cette ionisa- 
tion était provoquée par une cause subite. 
Effectivement, les échos correspondants com- 
mençaient à des temps trés irréguliers. 

L'allure normale des évanouissements des 
stations européennes répond à une périodicité 
annuelle sinusoidale. La premiére observation 
se passe au solstice d'hiver (21 décembre) à 
15 heures. La derniére au solstice d'été (21 juin) 
à 24 heures. Ап printemps et en été, il ne fut 
possible d'entendre aucune station européenne 
à midi, d’où il résulte avec certitude qu'aucune 
onde directe n'y parvient. 

Au cours de l'aprés-midi, l'intensité de champ 
monte progressivement au-dessus du niveau 
des perturbations et quelques heures plus tard 
commencent les variations d'intensité. 

Jusqu'à ce moment, le champ est polarisé, 
aprés quoi débutent les variations sur place 
de polarisation. 

L'apparition du phénoméne ne peut donc 
s'expliquer par l'interférence d'une onde linéaire 
directe et d'une onde réfléchie elliptique. 

En méme temps que des perturbations magné- 
tiques apparaissent régulièrement, de grandes 
variations de l'ionosphére par rapport à son 
état normal, celui-ci étant défini comme l'état 
normal connu aux latitudes moyennes. 

La caractéristique est l'exemple de l'appari- 
tion rapide d'un haut degré d'ionisation de la 
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couche E, lors des perturbations magnétiques 
du soir. 

Comme exemple typique, deux enregistre- 
ments d'échos sur 75 et 72,5 m. ont été choisis. 

L'évanouissement normal pour 75 m. a lieu 
]1 minutes aprés l'heure repére, pour 72, 5 m., 
6,2 minutes plus tót. Brusquement, aprés 
15 minutes (exactement 14,2 minutes en tenant 
compte de l'exactitude des lectures), la région E 
devient réfléchissante pour les deux ondes. 

Par contre, par les jours calmes, pendant les 
maxima d'ionisation de la couche E, cette 
derniére ne réfléchit pas l'onde de 75 métres. 

Dans la couche E s'abaisse également la hau- 
teur оп s'observe le plus fréquemment Јев 
aurores boréales. 

Il est typique d'observer combien la région F 
est sélective par rapport à de faibles diffé- 
rences de fréquence; par exemple, on observe 
pour les deux fréquences précitées, des dif- 
férences apparentes de hauteur dans le rapport 
de 1 à 2 et des décalages dans le temps des 
phénomènes de «aufgang » et de « untergang » 
de plus de 30 minutes et cependant que l'ioni- 
sation anormalement élevée de la couche E, 
pour les deux ondes, et dans les limites de la 
précision de lecture, apparaissait en méme temps 
et à la méme hauteur. 

Ces deux phénomènes s’accordent bien avec 
l'explication donnée par Appleton, Naismith 
et Builder et selon laquelle l'ionisation résulte- 
rait du rayonnement corpusculaire de l'aurore 
boréale. Les jours de forte ionisation de la 
couche E furent presqu'exclusivement des jours 
de fortes perturbations magnétiques et furent 
aussi des jours oü les échos de l'onde de 75 m. 
pour la couche E durérent plus longtemps que 
pour la couche F. 

De méme les variations d'intensité (fading) 
montrérent une autre allure pendant les jours 
troublés que pendant les autres. Leur appari- 
tion était retardée ou ne se produisait pas. 
Pendant ces jours, le champ était polarisé 
linéairement comme aux jours de juin. 

Le pouvoir réfléchissant de l'ionosphére dimi- 
nuait pour des ionisations plus fortes. Pendant. 
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l'heure de midi en été et aussi pendant les per- 
turbations magnétiques, il fut souvent impos- 
sible d'obtenir le moindre écho. 

Pendant les perturbations magnétiques, les 
échos observés lors d'une réflection à la perpen- 
diculaire disparaissaient presque complétement 
et l'intensité de champ des stations de radio- 
diffusion diminuait. 

Cependant, une seule fois au cours de 20 ob- 
servations pendant une aurore boréale, la 
réception de ces stations fut totalement impos- 
в је. 

La forme extraordinairement agitée et пте- 
guliére de la lumière boréale laisse soupçonner 
que l'ionisation créée par le rayonnement cor- 
pusculaire est aussi trés irrégulière ; le pouvoir 
réfléchissant de l'ionosphére pour des rayons 


incidents normaux doit donc être beaucoup 
plus faible que pour l'incidence rasante des 
ondes de la radiodiffusion. 
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